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A compound of structure (I), wherein Ri. R=. and R-* arc each, independent, hvcireren or R-»- R-> <=•,> ~- 
LSn? 8 ?; ) a,k >; l ', a /? lk >; 1 ' •(ClWOsRS, .(CH 2 ) r NR9CO,R«0. carbamylallgrt. amino'alkvi. hvdroxvaiw:^;;;;^'^.'! 
mercaptoalkyl, alkylth.oalkyl, mdolylmcthyl. hydroxypehnylmcthyl, imidazovlnicthyl or nhsnv! which U o-wV-~oro 
at-, or tn-subst.tutcd with a substituent selected from alkvi. aikoxv, hvdroxv, cvano. halo "nitro ct-rbi'lkow ' tVn'^-^-V-hvi" 
ammo, or a carboxylic acid; R« and R» arc each, indcpcndentlv. hvdrogcn.'alkvl. or aralkW- R" *s ; n Viifl ' ;1; '' 

pendently, alkyl. aralkyl, nuorcnylmcthyl. or phenyl which is o'otionullv mono-', cii-, or iri-Wbspiutcd'" Ri! R c-tu 
independently, alkyl, aralkyl, or phenyl which is optionally mono-, di-. or tri-substitutcd • X is (<•) o' or S- P 'is p U ~: 
each ^independently, hydrogen or alkyl; Y is CH or K; m is 0-4; „ is 0-4 :p is 1-2: q is 0-4; r is 0-4; 't is 0-4; u is' 0^\vher^ 
TZ n m u a "r, , " a , rc ,Rde P cndent ,n cach of ' c ) subunits when p = 2; or a pharmaceutical^ acceptable <-xM 'h~ : -->f wi-h 
he prov.so that R>. R :. and R3 are not all hydrogen, further provided that R'\ r: and IV are not all (a), and n'o" 
:ded nat t and u are not both 0 when X is O or S. which by virtue of its trarnuno-sunprc^vc nc-iVitv u ^'.^ in 
ransplantat.on rejection, host vs. graft disease, autoimmune diseases, and diseases or inllamnj-tion and bv vinuc "o< i'iV-.n- 
mungal activity is useful in treating fungal inlections. 



* See h.irk nf 
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BACKGROUND OF THE INVENTION 

This invention relates to novel esters of rapamycin arid a method for using them 
5 in the treatment of transplantation rejection, iiost vs. graft disease, autoimmune 
diseases, diseases of inflammation, arid fungal infections. 

Rapamycin is a macrocyclic triene antibiotic produced by Strep t omvces 
hyftrogeppicus, which was found to have antifungal activity, particularly asainst 

10 Candida albica ns., both in vitro and in vivo [C. Vczina st al., J. Antibiot. 23, 721 
(1975); S.N. Seghal et al., J. Antibiot. 28, 727 (1975); K. A. Baker et al., J. Antibiot. 
3i, 539 (1978); U.S. Patent 3,920,992; and U.S. Patent 3,993,749]. 

Rapamycin alone (U.S. Patent 4,835,171) or in -combination with picibanil 
(U.S. Patent 4,401,653) has been shown to have antitumor activity. R. Manel et al. 

15 [Can. J. Physiol. Pharmacol. 55, 48 (1977)] disclosed that rapamycin is effective in 
the experimental allergic encephalomyelitis model, a model for multiple sclerosis: in the 
adjuvant arthritis model, a model for rheumatoid arthritis: and effectively inhibited the 
formation of IgE-like antibodies. 

The immunosuppressive effects of rapamycin have been disclosed in FASEB 3. 

20 3411 (1989), rapamycin has been shown to be effective in inhibiting transplant 
rejection (U.S. Patent Application Ser. No. 362,544 filed June 6, 1989). Cyclosporin 
A and FX-506, other macrocyclic molecules, also have been shown to be effective as 
immunosuppressive agents, therefore useful in preventing transplant rejection [FASEB 
3, 3411 (1989); FASEB 3, 5256 (1989); and R. Y. Calne et al., Lancet 1183 (1978)]. 

25 Mono- and diacylated derivatives of rapamycin (esterified at the 28 and 43 

positions) have been shown to be useful as antifungal agents (U.S. Patent 4316,885) 
and used to make water soteble prodrugs of rapamycin (U.S. Patent 4,650,803). 
Recently, the numbering convention for rapamycin has been changed; therefore 
according to Chemical Abstracts nomenclature, the esters described above would be at 

30 the 3 1- and 42- positions. 



WO 92/05179 




10 



15 



DESCRIPTION OF THE INVENTION 

This invention provides derivatives of rapamycin which arc useful as 
immunosuppressive, anu-inSammatory, and antifungal agents having the structure 
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aOR 1 



v Otae 




nVii « 

'N^O OMc 



wherein R 1 , R 2 - and R 3 are each, independently, hydrogen, or R 4 ; 
O 

II 9 

R 4 is -{C(CH 2 ) m CH(CH 2 ) n N] p C0 2 R 7 , -C-CCH^CH^COiR" , or 

R 5 R6 

O 

-C^r -r-C0 2 R 12 . 

JL 

R 5 is hydrogen, alkyl of 1-6 carbon atoms, aralkyl of 7-10 carbon atoms, 

-(CH 2 ) q C0 2 R 8 , -fCH2)rNR9C0 2 R 10 , carbamylalkyl of 2-3 carbon stoms, 
aminoalkyl of 1-4 carbon atoms, hydroxy alkyl of 1-4 carbon atoms, 
guanylalkyl of 2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms, 
alkylthioaikyl of 2-6 carbon atoms, indolylmsthyi, hydroxYphenylmcthvi. 
imidazolylmethyl or phenyl which is optionally mono-, di-, or tri-substituted 
with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 
carbon atoms, hydroxy, cyano, halo, nitro, carbaikoxy of 2-7 carbon atoms, 
20 trifluoromethyl, amino, or a carboxyiic acid; 

R6 and R$ are each, independently, hydrogen, alkyl of 1-6 carbon atoms, or .aralkyl 
of 7-10 carbon atoms; 
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R 7 , R 8 , and R 10 arc each, independently, alky] of 1-6 carbon atoms, aralkyi of 7-10 
carbon atoms, fluorenyimethyl, or phenyl which is optionally mono-, di-, or tri- 
substituted with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy 
of 1-6 carbon atoms, hydroxy, cyano, halo, nitre, carbalkoxy of 2-7 carbon 
atoms, trifiuoromethyl, amino, or a carboxylic acid; 

R 1 1 and R J 2 are each, independently, alkyl of 1-6 carbon atoms, aralkyi of 7-10 carbon 
atoms, or phenyl which is optionally mono-, di-, or tri-substituted with a 
substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon 
atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifiuoromethyl, amino, or a carboxylic acid; 



O 

- [C(CH 2 ) m CH(CK 2 ) n N] p C0 2 R 7 , and still further provided that t and u vsz not 

R 5 R 6 
both 0 when X is O or S. 



pis . ;% ; / v 

Xis -C-, O, orS: '• 

R 14 ■ g- 

R 13 and R 14 are each, independently, hydrogen or allcyl of 1-5 carbon atoms: 'Y 
15 Y is CH or N; " [^.. 

m is 0 - 4; 

n is 0 - 4; ■ 

■ , - 
p is 1 - 2; 

q is 0-4; 

20 r is 0-4; 3gtf 

t is 0 - 4; ; £f i*. 

u is 0-4; s y$%& 

o 'ivil' 1 

wherein R 5 , R 6 , m. and n are independent in each of the [C(CH 2 ) m CH(CK 2 ) n N ] ■' 

j j 
R 5 vO 

X v 

subunits when p = 2: : ' 
or a pharmaceutical!}- acceptable salt thereof, with the proviso that Rl, R2. an d 
25 not all hydrogen, further provided that Rl, R2. and R3 are not all 



are ^'Vi&i- 
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!! 

Of the compounds when R 4 is - [C(CH. 2 ) [n CH(CH 2 ) !1 N] p C02R 7 , 



R 5 R- 

preferred members are those in which m = 0, n = 0, ana p = 1; m = 0, n = 0, and 
p = 2; n = 0, and R 5 is -(CH2)qC0 2 R 8 ; m = 0, n = 0, and R 5 is -(CH2)rNR 9 C0 2 R 10 ; 
and m = 0, n = 0, and R 5 is hydrogen. Preferred compounds also include those 

O 

members in which R ' is -C-(GH 2 ) t X(CK 2 ) u C0 2 R 11 . 

The pharmaceutical^ acceptable salts may be formed from inorganic cations 
such as sodium, potassium, and the like; mono-, di-, and trialkyl amines of 1-6 carbon 
atoms, per alkyl group and mono-, di-, and trihydroxyalkyl amines of 1-6 carbon 
atoms per aikyl group; and organic acids such as acetic, lactic, citric, tartaric, succinic, 
10 maleic, rnalonic, gluconic, and the like. Preferred basic salts are formed from sodium 
cations and tris(hydrox>Tnethyl)methylarnLne. 

The compounds of this invention can be prepared by acyiating raparnycin with 
an acyiating agent having the general structures 

? 9 

Z~[C(CK 2 ) rn CH(CH 2 ) n N] p C0 2 R 7 , Z-C^CHAXCCK^^R 11 , or 

R 5 R 5 

O 

Z-C-~ -^-C0 2 R 12 

Y 



where Z is OK in the presence of a coupling reagent, such as dicyclohcr.yl- 
carbodiimide. The compounds of this invention also can be prepared using an 
anhydride or a mixed anhydride of the above described carboxylic acid as the aevh-in^ 
species. Alternatively, the acyiating species can be an acid halide, where Z con be CI, 
20 Br, or L The acyiating groups used to prepare the compounds of this invention arc 
commercially available or can be prepared by methods that axe disclosed in the 
literature. 

Where it is desired to prepare acyl derivatives having two or three different R 4 
groups then sequential acylation may be performed using appropriate acyiating agents 
25 as defined above, if necessary isolating the desired product by aDorooriate ourification 
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techniques. In general the 42-positIon is acylated first ar.d such a monoacylated 
product may be isolated prior to the second acylation and so forth. Appropriate 
protecting groups may be used to block any position where acylation is not required. 

Immunosuppressive activity was evaluated in an in vitro standard 
pharmacological test procedure to measure lymphocyte proliferation (LAF) and in two 
in vivo, standard pharmacological test procedures. The first in vivo procedure was a 
popliteal lymph node (PLN) test procedure which measured the effect of compounds of 
this invention on. a mixed lymphocyte reaction and the second iayjvo. procedure 
evaluated the survival time of a pinch skin graft. 

The comitogen-induced thymocyte proliferation procedure (LAF) was used as 
an in viss measure of the immunosuppressive effects of representative compounds. 
Briefly, cells from the thymus of normal BALB/c mice arc cultured for 72 hours with 
PHA and IL-1 and pulsed with tritiated thymidine during the last six hours. Ceils are 
cultured with and without various concentrations of rapamycin, cyclosporin A. or test 
compound. Cells are harvested and incorporated; radioactivity is determined. 
Inhibition of lymphoproliferation is assessed in percent change in counts ncr minute 
from non-drug treated controls. The results are expressed by die foliowin/rario, cr as 
the percent inhibition of lymphoproiiferation of 1 ,uM. 

^bcqntrol thymus cells - M 3 - rapamvc in-treateH thymus : crOlc 
3 H-control thymus cells - H 3 -test compound-treated cells 

^ A mixed lymphocyte reaction (MLR) occurs when lymphoid cells from 
genetically distinct animals are combined in tissue culture. Each stimulates the other to 
25 undergo blast transformation which results in increased DMA synthesis that can be 
quantified by the incorporation of tritiated thymidine. Since stimulating a MLR is a 
function of disparity at Major Histocompatibility antigens, an ia yjvs popliteal lymph 
node (PLN) test procedure closely correlates to host vs. graft disease. Briefly, 
irradiated spleen cells from BALB/c donors are injected into the right hind foot pad of 
30 recipient C3H mice. The drug is given daily, p.o. from Day 0 to Day 4. On Day 3 and 
Day 4, tritiated thymidine is given i.p., b.i.d. On Day 5, the hind poplitcal'lymph 
nodes are removed and dissolved, and radioactivity counted. The corresponding left 
PLN serves as the control for the PLN from the injected hind foot. Percent 
suppression is calculated using the non-drug treated animals as allogenic control. 
Rapamycin at a dose of 6 mg/kg, p.o. gave 36% suppression, whereas cyclosporin A 
at the same dose gave 43% suppression. Results are expressed by the following ratio- 



WO 92/05179 ?CT/US91 /G6324 



-6- 



3 H-PLN cells centre] C3H mouse - 3 H -PLN ceils rapamve in-trcated C3H rrjoii.se 

3 H-PLN cells control C3H mouse - 3 H-PLN cells test compound-treated C3H mouse 

5 The second in vivo test procedure is designed to determine the survival time of 

pinch skin graft from male DBA/2 donors transplanted to male BAL3/c recipients. The 
method is adapted from Billingham R.E. and Medawar P.B., J. Exp. Biol. 23:335- 
402, (1951). Briefly, a pinch skin graft from' the donor is grafted on the dorsum of the 
recipient as a homograft, and an autograft is used as control in the same region. The 

10 recipients are treated with either varying concentrations of cyclosporin A as test control 
or the test compound, intraperiicneally. Untreated recipients serve as rejection control. 
The graft is monitored daily and observations are recorded until the graft becomes dry 
and forms a blackened scab. This is considered as the rejection day. The mean graft 
survival time (number of days ± S.D.) of the drug treatment group is compared with 

15 the control group. 

The following table summarizes the results of representative compounds of this 
invention in these three standard test procedures. 



20 





LAF* 


PLN* 


Skin Graft 


CQPnpQUDd 




(ratio) 


(davs + SD> 


Example 1 


1.8 


0.61 


12.0 +.1.6 


Example 2 


0.33 


0.62 


11.5 + 0.6 


Example 3 


0.20 


+ 


9.0 ± 0.9 


Example 4 


4.9 


0.18. 


12.3 ± 0.5 


Example 5 


0.006 


+ 


8.3 + 0.9 


Example 6 


5.4 


0.33 


11.5 + 3.5 


Example 7 


3%at IjiM** 




7.7 ± 1.5 


Example 8 


0.03 


0.41 




Example 9 


0.96 


1.34 


10.3 ± 0.8 


Example 10 


2.0 


0.96++ 


12.7 + 1.2 


Example 1 1 


0.004 




10.5 ± 1.3 


Example 12 


19.8 


-2.87 


12.0 ±2.0 


Example 13 


22% at IjiM** 




7.0 ±0.6 


Example 14 


0.37 




8.2+ 1.2 


Example 15 


0.9 


0.69 


10.7 ± 1.2 
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TABLE 


1 (Continued) 






LAF* 


PLN* 


Skin Graft 


Comtxmnd 


(ratio) 


(ratio) 


Cdavs + SD1 


Example 16 


3.27 




12.7 ±0.9 


Example 17 


0.56 


1.68#£# 


10.2 ± 1.7 


Example 18 


0.02 


1.1 


Sfl j. 17 


Example 19 


0.01 


0.48 


8.0. ±0.9 


Example 20 


0.97 


0.70 


9.3+1.6 


Example 21 


0.22 


-1.93 


12.0 ± 1.7 


Example 22 


0.22 


0.41 


10.2+1.2 


Example 23 


0.13 


0.39 


ICS ±0.3 


Example 24 


0.00 


0.09 


7.8 +.1.7 


Rapamycin 


1.0 


1.0 


12.0+ 1.7 



15 

* Calculation of ratios was described s upra . 
** Result expressed as percent inhibition of lymphoproliferation at I uM. 
+ Not evaluated 

++ Results obtained using cremophore/ethanol as a vechicle for administration. 
20 Ratios of 0.33 and 1.07 were also obtained using carboxymethyl cellulose 

as a vehicle for administration. 
## Results obtained using cremophore/ethanol as a vechicle for administration. 
Ratios of 0.20 and 1.03 also were obtained using carboxymethyl cellulose 
as a vehicle for administration. 
25 ### A ratio of 0.42 also was obtained for this compound. 

The results of these standard pharmacological test procedures demonstrate 
immunosuppressive activity both in vitro and in vivo for the compounds of this 

30 invention. Positive ratios in the LAF and PLN test procedures indicate suppression of 
T cell proliferation. As a transplanted pinch skin grafts are typically rejected within 6-7 
days without the use of an immunosuppressive agent, the increased survival time of the 
skin graft when treated with the compounds of this invention further demonstrates their 
utility as immunosuppressive agents. While it appears that the compound disclosed by 

35 Examples 12 and 21 may cause T cell proliferation in the PLN test procedure, it is 
believed a negative ratio in this test procedure coupled with an increased survival time 
observed in the skin graft test procedure indicates a proliferation of T ? ^ ;rc «;c 0r ceils, 
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which are implicated in suppressing the immune response, (sec, L Roitt ct al. 
Immunology, C.V.Moseby Co. 1989, p 12.8-12.11). 
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Antifungal activity of the compounds of this invention was measured against 5 
strains of Candida albicans using a plate test procedure for measurement of inhibition. 
The following represents the typical procedure used. Compound to be tested was 
placed on sterile dried 1/4" plate disks, and allowed to dry. Agar plates were seeded 
with fungi and allowed to solidify. The impregnated disks were placed on the seeded 
Agar surface and incubated for the time required for the particular culture. Results nre 
expressed in MIC ( jig/ml) to inhibit growth. The results of this test procedure showed 
that the compounds of this invention have antifungal activity; however, it was 
surprising that the compounds of this invention were less active than the parent 
compound, rapamycin. 
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Table 2* 
Strain of Candida albicans 







ATCC 10231 


ATCC 3824 


6 ATCC 38247 


ATCC 3824?, 


36q9 






Example 1 


>0.4 


>0.4 


> 0.4 


>0.4 


>0.4 






Example 2 


0.1 


0.2 


0.2 


0.2 


0.1 




20 


Example 3 


0.4 


>0.4 


>0.4 


>0.4 


C.4 






Example 4 


0.1 


0.4 


0.1 


0.1 


0.2 






Example 5 


>0.4 


>0.4 


> 0.4 


>0.4 


>0.4 






Example 6 


0.1 


>0.4 


0.2 


0.4 


>0.4 






Example 7 




+ 










25 


Example 8 


>0.4 


>0.4 


>0.4 


>0.4 


>0.4 


. HI 




Example 9 


0.4 


>0.4 


0.4 


>0.4 


>0.4 






Example 10 


0.2 


> 0.4 


0.2 


0.4 


0.4 






Example 1 1 


>0.4 


>0.4 


> 0.4 


>0.4 


>0.4 


■ ■ . - 




Example 12 


0.2 


>0.4 


n i 

V. A 


0.2 


0.4 




30' 


Example 13 


>0.4 


>0.4 


>0.4 


>0.4 


>0.4 






Example 14 


>0.4 


>0.4 


> 0.4 


>0.4 


>0.4 






Example 15 


>0.4 


0.4 


>0.4 


•J.'v 


0.4 






Example 16 


0.2 


0.1 


0.4 


0. i 


0.1 






Example 17 


>0.4 


0.2 


>QA 


0.2 


0.4 




35 


■Example 18 


0.4 


>0.4 


> 0.4 


>0.4 


50.4 






Example 19 


0.4 


> 0.4 


0.4 


>0 •-• 


>0.4 
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Tabk 2* (Continued) 
Strain of Candida albicans 



Conroound 


ATCXJLQ23J. 


ATCC 38246 


ATCC 38247 


AICC_3j!248 


3.5*9 


Example 20 


0.1 


0.4 


0.1 


0.1 


0.2 


Example 21 


0.4 


>0.4 


0.4 


>0.4 


>0.4 


Example 22 


0.2 


>0.4 


0.2 


0.4 


>C4 


Example 23 


0.1 


>0.4 


0.2 


0.4 


>0.4 


Example 24 


>0.4 


>0.4 


>0.4 


>0.4 


>0.4 


Rapamycin 


0.003 


0.025 


U.U"vJO 


u.v/uO 





* expressed as MIC (jig/ml) 
+ not evaluated 



Based on the results of these standard pharmacological test r:rocsdures, the 

15 compounds are useful in the treatment of transplantation rejection such as, heart, 
kidney, l?ver, bone marrow, and skin transplants; autoimmune diseases such as, luous, 
rheumatoid arthritis, diabetes mellitus, myasthenia gravis, and multiple sclerosis; and 
diseases of inflammation such as, psoriasis, dermatitis, eczema, seborrhea, 
inflammatory bov/el disease; and fungal infections. 

20 The compounds may be administered neat or with a pharmaceutical carrier to a 

mammal in need thereof. The pharmaceutical carrier may be solid or liquid. 

A solid carrier can include one or more substances which may aiso act as 
flavoring agents, lubricants, solubilizers, suspending agents, fillers, glidants, 
compression aids, binders or tablet-disintegrating agents; it can also be an encapsulating 

25 material. In powders, the carrier is a finely divided solid which is in admixture with the 
finely divided active ingredient. In tablets, the active ingredient is mixed with a carrier 
having the necessary compression properties in suitable proportions and compacted in 
the shape and size desired. The powders and tablets preferably contain up to 99% of 
the active ingredient. Suitable solid carriers include, for example, calcium phosphate, 

30 magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin, cellulose, methyl 
cellulose, sodium carboxymethyl cellulose, poiy^inylpyrroiidinc, low melons waxes 
and ion exchange resins. 

Liquid carriers are used in preparing solutions, suspensions, emulsions, 
syrups, elixirs* and pressurized compositions. The active ingredient can be dissolved or 

35 suspended in a pharmaceutical^ acceptable liquid carrier such as water, an oreanic 
solvent, a mixture of both or pharmaceutical!)' acceptable oils or fats.. The h'auitf carrier 
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can contain other suitable pharmaceutical additives such as solubilisers, emulsiners, 
buffers, preservatives, sweeteners, flavoring agents, suspending agents, thickening 
agents, colors, viscosity regulators, stabilizers or osmo-regulators. Suitable examples 
of liquid carriers for oral and parenteral administration include water (partially 
containing additives as above, e.g. cellulose derivatives, preferably sodium 
carboxymethyl cellulose solution), alcohols (including monohydric alcohols and 
polyhydric alcohols, e.g. glycols) and their derivatives, and oils (e.g. fractionated 
coconut oil and arachis oil). For parenteral administration, the carrier can also be zn 
oily ester such as ethyl oieate and isopropyi myristate. Sterile liquid carriers are useful 
in sterile liquid form compositions for parenteral administration. The liquid carrier for 
pressurized compositions can be halogenated hydrocarbon or other sharmaceuticallv 
acceptable propellent. 

Liquid pharmaceutical compositions which are sterile solutions or suspensions 
can be utilized by, for example, intramuscular, intraperitoneal or subcutaneous 
15 injection. Sterile solutions can also be administered intravenously. The compound can 
also be administered orally either in liquid or sslid composition form. 

Preferably, the pharmaceutical composition is in unit dosage form, e.a. as 
tablets or capsules. In such form, the composition is sub-divided in unit dose 
containing appropriate quantities of the active ingredient; the unit dosage forms can be 
20 packaged compositions, for example, packeted' powders, vials, ampoules, prefilied 
syringes or sachets containing liquids. The unit dosage form can be, for example, a 
capsule or tablet itself, or it can be the appropriate number of any such compositions in 
package form. The dosage to be used in the treatment must be subjectively determined 
by the attending physician. 
25 In addition, the compounds of this invention may be employed as a solution, 

cream, or lotion by formulation with pharmaceutically acceptable vehicles containing 
0.1- 5 percent, preferably 2%, of active compound which may be administered to a 
fungally affected area. 



30 



The following examples illustrate the preparation of representative compounds 
of tli is invention. 
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Exampie 1 

Rapamvcin-42-ester with N-FO J^iimethylethoxytea^ 

5 Under anhydrous conditions, a solution of rapamycin (3 g, 3.23 mmole) r.nd 

N-[(l,l-dimcthylfcthoxy)carbonyl]-giycylglycine (3.04 g, 13.1 mmoie) in AO mL of 
anhydrous dichloromethanc was treated with dicyclohexylcarbodiimide (1.35 g, 6.56 
mmole) followed by 4-dimethylaminopyridine (0.8 g, 6.56 mmole). After stirring at 
ambient temperature for 48 hours, the precipitated solid was collected arid washed with 
10 dichloromethanc The combined filtrates were absorbed directly onto silica gel Merck 
60 by adding the gel and evaporation to dryness. Flash chromatography of the 
p reabsorbed material (using a gradient elation with ethylacetatc-toluene from 2: 1 to 1:0 
v/v) afforded 1.05 g (28.3 %) of the title compound isolated as a three quarter toluene 
solvate, along, with, the 31,42-diester of Example 2. HPLC analysis showed that the 
15 monoestcr is a 8.3:1 mixture of two cenformers. 

! H NMR (CDC1 3> 400 MHz): 5 1.46 (m, 9K, COOBu*). I.65<* (s, 3H, 
CH 3 C=C), 1.751 (s, 3H, CH 3 C=C), 3.14 (s, 3K, CK 3 G), 3.33 (s ? 3H, CH 3 0), 
3.36 (s, 3H, CH 3 0), 4.18 (d, 1H, Cn'OH), 4.75 (m, IK, 42-CRC ), 4.79 (s, IK, 
OH); High Res. MS (neg. ion FAB) Calcd for C60H93N3O17: 1127.6504, measured 
20 mass 1127.6474. 

Anal. Calcd for C60H93N3O17 ♦ 0.75 PhCH 3 : C, 65.45; H, 8.33; N, 3.51 
Found: C, 65,23; H, 3.32; N, 3.86 

25 

The following representative compounds can be prepared from rapamycin and the 
appropriate terminally-N-substituted amino acid by employing the method used to 
prepare the title compound in Example 1 . 

30 Rapamycin-42-ester with N-[(flucrenyLmetiioxy)carbonyI]-alajaylserine 
Rapamycin-42-ester with N-[(fluorenylmethoxy)carbonyl]-glycylgiycine 
Rapamycin-42-ester with N-[(ethoxy)carbonyl]-arginylmethionine 
Rapamycin-42-ester with N-[(4'-chlorophenoxy)carbonyl]-hisddylcirgini.nc 
Rapamycin-42-ester with N-[(phencxy)carbonyl]-to r ptoph3ny!Ieucinc 

35 Rapamycin-42-ester with N-[(phcnylmcthoxy)crjbonyl)]-N-mcLhvlpjvcyl--N- 
ethylalanine 
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Rapamycin-42-ester with N-[(p;ienylmcthoxy)carbonyl]-N-methyl-B- 
alanylphenylalanine 

Rapamycin-42-cster with N-[(l t 1 -dimethylethoxy)carbonyl]-cysteinylglycine 



The title compound (1.85 g, 42%) was separated from the 42-moncester as 
described in Example 1 and isolated as a three quarter toluene solvate. HFLC analysis 
showed that the diester is a 8.1:1 mixture of conformers. 

! H NMR (CDC13, 400 MHz): 8 1.452 (m, 18H, C0G3u l ), 1.5612 (s, 3H, 
CH 3 OC) t 1.7815 (s, 3R CH 3 OC), 3.14 (s, 3H, OCH 3 ), 3.34 (s, 3K, OCB.3), 
15 3.35 (s, 3H, OCH3), 4.52 (s f IK, OH), 4.79 (m, 1H, 42-CHO ); High Res. MS (neg. 
ion FA3): Calcd for C69H107N5O21 1341.7458, measured mass: 1341.7463. 

Anal. Calcd for C69H107N5O21 * 0.75 ?hCH3: C, 63.17; H, S.06; N, 4.95 
Found: C, 62.S3; H, 8.09; N, 5.00 



Example 2 

RaPamvtin-3 1 .42-diester with N-1Y 1 .1 -dimethvletlioxvkarbonvn -^vcvlplynin?. 



20 .J^y 
The following representative compounds can be prepared from rapamvcin and the 
appropnate terminally-N-substituted amino acid by employing the method used to 



prepare the title compound in Example 2. 



25 Rapamycin-3 i ,42-diester with N-[(fluorenylmethoxy)carbonyl]-alanylserine ^:SM 
Rapamycin-3 1 ,42-diester with N-[(fluorcnylmcthoxy)carbonyl]-glycylglycinc 
Rapamycin-3 1, 42-diester with N-[(ethoxy)carbonyl]-arginylmcthionine 
Rapamycin-3 1, 42-diester with N-[(4-chlorophenoxy)carbonyl]-histiGylarginine 
Rapamycin-3 1, 42-diester with N-[(phenoxy)carbonyl]-tryptophanylleucine 

30 Rapamycin-3 1 ,42-diester with N-[(phenylmethoxy)carbonyl)]-N-methyiglycyi-N- 
ethyl-alanine 

Rapamycin-3 1, 42-diester v/ithN-[(phenylmethoxy)carbonyl]-N-methvi-5- 
alanylphenyl- alanine 

Rapamycin-3 1 ,42-diester with N-[(l,l-dimethylethoxy)carbonyi]-cysteinylglvcine 

35 



■CO*"*"' 
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Example 3 

Bapamvcin-3 1 .42-die??t?r with N-IY1 . 1 -dimethylet h oxytearbonyl i-N-m ethvMvcjn^: 

5 Under anhydrous conditions, an ice cold solution of rapamycin (2 g, 2.18 

mmole) and N^-Eoe sarccsine (1.65 g, 3.75 mmole) in 20 ml of anhydrous 
dichloromethane was treated with dicyclohexylcarbcdiimide (1.8 g, 3.7 mmole) 
followed by 4-dimethylaminopyridine (i g, 8.7 mmole). After stirring overnight at 
ambient temperature, the precipitated solid was collected and washed with 

10 dichloromethane. The combined filtrates were evaporated to dryness to give an 
amorphous amber solid (3 g). The crude product was purified by flash chromatography 
( cn silica Merck 60, elution with hcxane-ethylacetate 1:1, v/v) to provide the title 
compound (0.75 g, 27.4%) along with the 42-rnonoester of Example 4. HPLC analysis 
showed that the diester is a 19.8:1 mixture of two conformers. The multiplicity of the 

15 NMR peaks suggests the presence of amide rotamcrs. 

. *H NMR (CDC13, 400 MHz): 5 1.411, 1.438, 1.448 and 1.474 (m, 13 H, 
COOBut), 2.91 (m, 6H, NCH3), 3.14 (s, 3R CH3O), 3.34 (s, 3H, CH3O), 3.37 (s, 
3H, CH3O), 4.73 (broad, 1H, 42-CHO), 4.82 (2s, 1H, OH); High Res. MS (neg. ion 
FAB): Calcd. for C67H105N3O19 1255.7342, measured mass 1255.72S9. 

20 Anal. Cited for C67H105N3O19: C 64.04; H, 8.42; N, 3.34 

Fo ™d: c, 64.14; H, 8.74; N, 3.63 



The following representative compounds can be prepared from rapamycin and 
the appropriate terminally-N-substituted amino acid by employing the method used to 
25 prepare the title compound in Example 3. 

Rapamycin-3 1,42-diester with N-[(ethoxy)carbonyi]-tyrosine 
Rapamycin-3 1 ,42-diester with N-[(fluorenylmethoxy)cajtx>n yl]-phenylalanine 
Rapamycin-3 1 ,42-diester with N-^'^'^^trihydroxyphenoxyOcarbonylj-isoleucine 
30 Rapamycin-3 1 ,42-diester with N-[(l,l-dimethylethoxy)carbonyi)-glutaminc 
Rapamycin-3 1 ,42-diester with N-[(phenoxy)carbonyI]-N-methylalanine 
Rapamycin-3 1 ,42-diester with N-[(propyloxy)carbonyl]-4-aminobutryi.c acid 
Rapamycin-3 1 ,42-diester with N-[(phcnylmethoxy)carbonyl]-7-aminoheptanoic acid 
Rapamycin-3 1,42-diester with N-[(fluorenylmeLhoxy)carbonyl] -serine 
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Exnmple 4 

Rapamvcin-42- ester with N-fd J-dimethy1ethoxy)carbonvl1-N-Tnethyiglycing 

Under anhydrous conditions, an ice cold solution of rapamycin (0.95 g, 1.02 
mmoie) and N<*-Boc sarcosinc (0.21 g, 1.1 mmole) in 20 mL of anhydrous 
dichloromethane was treated with dicyclohexylcarbcdiimide 0.21 g, 1 mmole) followed 
by 4-dimethylaminopyridine (0.12 g, 1 mmole). After stirring for 4 hours at ambient 
temperature, the precipitated solid was collected and washed with dichloromethane. The 
combined filtrates were concentrated in vacuo to give an amorphous amber solid. Flash 
chromatography of the crude product (on silica Merck 60, elation with hexane- 
ethylacetate 1:1 v/v to remove the diester of Example 3, followed by chloroform- 
ethyiacetate-methanol 75:25:1 v/v) provided partially purified title compound (0.3S g, 
35%). Pure product was obtained by preparative HPLC (Waters Prep 500, silica gel, 
15 chlcroform-ethylscetate-methano! 75:25: 1 v/v, flow rate 250 ral/nrin). HPLC analysis 
showed that the ester is a 6.6:1 mixture of two conformers. The multiplicity of NMR 
peaks suggests the presence of amide rotamers. 

*H NMR (CDCI3, 400 MHz): 6 1.42-1.46 (ds, 9H, COOBuS), 2.91 (ds, 3H, 
NCH3). 1.644 (s, 3H, GH 3 C=C), 1.738 (s, 3H, CH 3 C=C), 3.12 (s, 3H, CH3O), 
3.32 (s, 3H, CH3O), 3.35 (s. 3H, CH3O), 4.18 (d, 1H, CHOH), 4.71 (broad, 1H, 
42-CHO), 4.78 (broad s, 1H, OH); High Res. MS (ncg. ion FAB): Calcd for 
C59H92N2O16 1084.6446, measured mass 1084.6503. 

Anal. Calcd for C59H92N2O16: C, 65.29; H, 8.54: N, 2.58 
Found: C, 65.25; K, 8.52; N. 2.42 

25 

The following representative compounds can be prepared from rapamycin and 
the appropriate terminally-N-substituted amino acid by employing the method, used to 
prepare the title compound in Example 4. 

30 Raparnycin-42-ester with N-[(ethoxy)carbonyl]-tyrosine 

Raparnycin-42-esterwithN-[(fluorcnylmetJioxy)carbony]]-pher.yIalanirie 
Rapamycin-42-ester with N-[(3',4 , ,5 , -trihydroxyphenoxy)carbonyl]-isoleucinc 
Rapamycin-42-csterwithN-[(l,l-dimemylethoxy)carbonyl)-glutamine 
Rapamycin-42-ester with N-[(phenoxy)carbonyl]-N-methyia!anine 

35 Rapamycin-42-ester with N-[(propy!oxy)carbonyl]-4-aminobutr;.Hic add 

Rapamycin-42-ester with ^ T -^(phenyImethoxy)c:u-bonyl]-7-^Jni:^o^^e^:■^r,^ 1 oic acid 
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Rapamycin-3 1 ,42-diester with N-[(fiuorenylmethoxy)carbonyl jserins 
Example 5 

5 Rapamvcin-31.42-diesterwi^ 5-fl .l-riimethyiethoxyV24 rCl,l-dirnethviethoxyV 
carbonvllarninol-5-oxopentanoic add 

Under anhydrous conditions, an ice cold solution of rapamycin (4 g, 4.37 
mmole) and L-glutamic acid NO-Boc-y-tert-butylestcr (4.9 g, 16.1 mmole) in 40 mL 
10 of dry dichloromethane was treated with dicyclohexylcarbodiimide (1.8 g, 8.7 mmole) 
followed by 4-dimethylaminopyridine (1 g, 8.7 mmoie). After stirring overnight at 
room temperature, the precipitated solid was coiiected and washed with 
dichloromethane. The combined filtrates were concentrated in vacuo to provide 1 1 g of 
an amorphous amber solid. The crude product was purified by flash chromatography 
15 (on silica Merck 60, gradient elution with hexane-ethylacetate from 2: 1 to 1:1, v/v) to 
yield 4.52 g (69.6%) of the title compound along with the 42-moncester of Example 6. 
HPLC analysis showed that the diester consists of a 6.6: 1 mixture of two confcnners. 

J H NMR (CDC1 3 , 400 MHz): 5 1.42 (m, 36 H, COOBu'0, 1.646 (s, 3K, 
CH 3 C=C), 1.701 (s, 3H, CH 3 C=C), 3.13 (s, 3H, CH3O), 3.34 (s, 3H, CH3O)! 
3.36 (s, 3H, CH3O), 4.735 (m, 2H, OH-M2-CH-0); High Res. MS (neg. ion FAB): 
calc. for C79H125N3O23 1483.8715, measured mass 1483.8714. 
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Anal. Calcd for C79H125N3O23: C, 63.90; H, 8.49; N, 2.83 
Found: C, 63.63; K, 8.4.1; N, 2.44 

The follov/ing representative compounds can be prepared from rapamycin and 
the appropriately terminally-N-substituted amino diacid monoester by employing the 
method used to prepare the tide compound in Example 5. 

30 Rapamycin-3 1,42-diester with 6-(phewlmethoxy)-2-[[flucrenyirnethoxy)carbonyl3. 
amino]-6-oxohexanoic acid 

Rapamycin-3 1,42-diester with 6-(4'-methylphcncxy)-3-[[(phcnylmcthoxy)carbonyi]- 
amino-6-oxohexanoic acid 

Rapamycin-3 1,42-diester with 6-(cthoxy)-4-[[(phenoxy)carbonyl]arnino]-6-cxo- 
35 hexanoic acid 
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Rapamycin-3 1 ,42-diester witn 6-(methoxy>5-[[(ethoxy)carfconyl]amino3-6-oxo- 
hexanoic acid 

Rapamycin-3 1 ,42-diestsr with 4-(phenoxy)-2-[N-[( 1,1 -dimethylcthoxy)carbonyJ]-N- 
mcthylamino]-4-oxobutanoic acid 
5 Rapamycin-3 1 ,42-diester with 4-(phenylmethoxy)-3-[N-[(methoxy)carbonylj-N- 
methylamino]-4-oxobutanoic acid 



Example 6 

10 

RaDamvcin-4?.-f ^t er with 5-riJ-dirnethy W hoxy)-2-rrn .1-riimp.th vWWy). 
.carbonvl1aminf>] -5-nxnTv.nt! inoic acid 

The title compound (1.14 g, 20.6%) was separated from the 31,42-diestcras 
15 described in Example 5 and isolated as the quarter hydrate/mono-ethvi acetate solvate. 
liPLC analysis showed that the monocster is a 1 1.5: 1 mixture of two ccnformcrs. 

! H NMR (CD CI 3, 400 MHz): 8 i.425 (m, 1SK, COOBut), 1.643 (s! 3K, 
CH 3 C=C), i.737 (s, 3H, CH 3 C=C), 3.13 (s, 3K, CH 3 0), 3.32 (s, 3K, CHqO),' 
3.36 (s, 3H, CH3O), 4.17 (d, 1H, C//OH), 4.71 (M, IK, 42-CHO), 4.785 (s,"lH, 
20 OH); High Resolution MS ( neg. ion FAB): Calc. for C55H102N2O18 1198.7127, 
measured mass 1198.7077. 



25 



Anal. Calcd for C 65 H 10 2N2Ois • CH 3 COOEt • 0.25 H 2 0: 

C, 64.13, H, 8.60; N,2.17 
Found: C, 64. 18; H, S.52: N, 2.01 



na 



The following representative compounds can be prepared from rapamycin a 
the appropriately terminally-N-substituted amino diacid monoester by employing the 
30 method used to prepare the title compound in Example 6. 

Rapamycin-42-esterwith 6-(phenyImethoxy)-2-[[fluorcnylmethoxy)cru-faonyl]. K rnino3- 
6-oxohexanoic acid 

Rapamycin-42-esterwith 6-(4 , -methylphenoxy)-3-[i(phcnylmethoxy)carbonyi]-amir.o- 
35 6-oxohexanoic acid 
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Rapamycin-42-iester with 6-(ethoxyH-[[(phenoxy)carbonyl]amino]-6-oxo- hcxanoic 
acid 

Rapamycin-42-estcr with 6-(methoxy)-5-[[(ethoxy)carbonyl]amino]-6-oxo- hcxanoic 
acid 

5 Rapamycin-42-ester with 4-(phenoxy)-2-[N-[(l,l-dimethylethoxy)caxbonyl]-N- 
methylamino]-4-oxobutanoic acid 

Rapamycin-42-ester with 4-(phenylmethoxy)-3-[N-[(methoxy)carbonyl]-N- 
methylamino]-4-oxobutanoic acid 

10 Example 7 

Rapamvcin- 31 ,42-diester with 2-rrf 1 .l-riimftt hvlethoxvtea rbonvnamino] -4-nyfv4- 
(phenvlmethoxv) butanoic scid 

15 Under anhydrous conditions, 295mg (1.21mmol) of 2,4,6 trichlorobcnzoyi 

chloride was added to a solution of 391mg(1.21mmol) of N^-Bcc-L-aspartic 2cid-j3- 
benzyl ester and 170,uL (i.21mmol) of Et 3 N in 1 mL of TKF at room temperature. 
After stirring for 30 minutes, 500 mg (0.55mmol) of rapamycin and 295 mg ( 2.42 
mmol) of dimethylaminopyridine was added and the reaction was left to stir overnight. 

20 The reaction mixture was then filtered and the filtrate concentrated in vacuo. Pure 
product (200 mg, 25%) was obtained by preparative HPLC (5 cm column, 40 % ethyl 
acetate-hexane). The product was isolated as the heptahydrate. 

*H NMR (CDCi 3 , 400 MHz) S 7.347 (s, 10 H, At), 6.223, 5.125 (s, 4 K, CH 2 Ph), 
25 4.698 (m, 1 H, CH-C0 2 ), 4.587 (m r 2 H, NH), 3.353 (s, 3 H, CH3O), 3.337 (s, 3 

H, CH3O), 3.301 (s, 3 H, CH3O), 2.775 (m, 4 H, CH 2 C0 2 ); IR (KBr) 3420 (OH), 

2935 (CH), 2920 (CH), 1730 (C=0), 1650, 1500, 1455, 1370, 1170 cm-l; MS (neg.' 

ion FAB) 1523 (M-), 1433, 297, 248, 205, 148, 44, 25 (100). 

Anal. Calcd for C83H1 i 7 N 3 0 2 3-7H 2 0 C, 60.40: K. 7.09; N, 2.54 
30 Found: C, 60.54; H, 7.28; N, 2.56 
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Example 8 

Raoamvcin-31 ,4 2-diester with 3-ff(l J-dimethvlethoxv^ca.rhonvl1aminol-4-oxr;-/i- 
fphenvlmethoxv) hut anoic add 

Under anhydrous conditions, 532 mg (2.13 mmol) of 2,4,6 irichicrobenzovl 
chloride in 1 mL THF was added to a solution of 704 mg (2.18 mmol) of N&-Boc-L- 
aspartic acid-a-benzyl ester and 303 pL (2.18 mmol) of Et 3 N in 5 mL of THF at room 
temperature. After stirring for 20 minutes, the reaction mixture was filtered over 
sintered glass, and the precipitate was washed with THF. The filtrate was concentrated 
in vacuo to give a thick oil. The oil was dissolved in 5 mL of benzene and 1.C0 g (1.09 
mmol) of rapamycin and 532 mg (4.36 mmol) of dimcthylaminopyridine in 1 mL of 
benzene was added dropwise. The reaction was stirred for 2 hr, poured into ethvl 
acetate, and washed consecutively with 0.5 N KCi and brine. The solution was dried 
over sodium sulfate, decanted, concentrated in vacuo to give a white fo-?my solid, 
which was purified via flash chromatography on a 60 mm x ICO mm silica column (20- 
40 % ethyl acetate/hexane as eiuant) to give 532 mg (33 %) of the title compound which 
was isolated as the hydrate. 

*H NMR (CDCh, 400 MHz) 5 7.362 (s, 10 H, Ar), 5.193 (s, 4 H, Ci/ 2 ?h), 
4.596 (m, 1 H, Ctf-COo), 4.586 (m, 2 H, NH), 3.336 (s, 3 H, CH 3 G), 3.306 (s, 3 
H, CH 3 0), 3.145 (s, 3 H, CH 3 0); IR (KBr) 3410 (OH), 2950 (CH), 2920 (CH), 
1735 (C=0), 1710 (C=0), 1640, 1490, 144-5, 1350, 1150 cm -I; MS (n'eg. ion FAB) 
1524 (M-), 1434, 297, 248, 232, 214, 205, 167, 148, 42 (100), 25. 

Anal. Calcd for C83H117N3O23 ■ H 2 0: C, 65.38; H, 7.73; N, 2.76 
25 Found: C, 64.35; H, 7.67; N, 2.55 



30 



Example 9 

Rapamvcin-42-p.stfr with KjimethvlethoxvVarhonvSlaminpj^d-nvft.,!. 
(ph envlmethoxvl hutanoic acid 



The title compound (374 mg, 23%) was prepared by the method described in 
the previous Example and separated from the compound described in the previous 
35 Example by flash chromatography (20-4091- ethyl acetatc/hcxar.o as the eiuant) and 
isolated as the sesquihydrate. 



WO 92/05179 



PCT/US9I/06324 



10 



- 19- 

*H NMR (CDCI3, 400 MHz) 5 7.356 (s, 5 H, Ar), 5.185 (s, 2 K, CtfjjPh), 
4.635 (m, 1 H, CH-C0 2 ), 4.582 (m, 1 H, NH), 3.330 (s, 6 K, CH3O), 3.135 (s, 3 
H, CH3O); IR (KBr) 3410 (OH), 2950 (CH), 2920 (CH), 1735 (0=0), 1710 (C=0), 
1640, 1490, 1445, 1350, 1150 cm -l; MS (neg. ion FAB) 1213 (M-), 1127, 590, 168. 
42, 25, 17 (100). 

Anal. Calcd for C67H98N2O18 • 1.5 K?0: C, 63.64; K, 8.21; N, 2.22 
Found: C, 63.64; H, 7.51 ; N. 2.13 

Example 10 

Rap amvcin-42-ester with 5-f 1 . 1 -dimeth vioxv)-4-rr d . 1 -dirast hvtethoxytearhrwvji 
amincl-5-oxop sr.LiriDir: arid 

Under anhydrous conditions, an ice cold solution of rapamycin (4 g, 4.37 
15 mmole) and L-glutamic acid NC-Boc-a-tert-butylester (4.9 g, 16. 1 mmoie) in 40 mL 
of anhydrous dichloromethane was treated with dicyclohexylcarbodiirnide (1.8 g, 8.7 
mmole) followed by 4-dimethylamino pyridine (1 g, 8.7 mmole). After stirring 
overnight at ambient temperature, the precipitated solid was collected and washed with 
dichloromethane. The combined filtrates were concentrated in vacuo to give 9 g of an 
20 amorphous amber solid. The crude product was purified by flash chromatography (on 
silica Merck 60, gradient elution with hexane-ethylacetate from 2:1 to 3:2, v/v) to 
provide 1.35 g (25.7%) of the title compound along with the 31,42-diester of 
Example 1 1. HPLC analysis showed that the monoester is a 7.5 :1 mixture of two 
confcrmers. 

25 



*H NMR (CDCI3, 400 MHz): 5 1.43 (s. 9H, COOBu») and 1.46 (s, 9H, 
COOBut), 1.65 (s, 3H, CH 3 C=C), 1.75 (s, 3H, CH 3 C=C), 3.14 (s, 3H, CH 3 0), 
3.34 (s, 3H, CH3O), 3.38 (s, 3H, CH3O), 4.1S (d, 1H, C//-OH), 4.65 (m. 11142- 
30 CHO), 4.80 (s, 1H, OH); 

High Res. MS (neg. ion FAB): Calc. for C^H^^Oig: 1198.7126, measured 
mass 1198.7135. 

Anal. Calcd for C 65 H 10 2N2Ois: C, 65.09; H, 8.57; N, 2.34 
Fourtd C, 65.04; H, 8.33: N, 2.64 
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*H NMR (CDCI3, 400 MHz): 5 1.43 (s, 18H, COOBu*), 1.46 (s, 1SH, 
COOBut), 1.659 (s, 3H, CH 3 C=C), 1.759 (s, 3K, CH 3 C=C), 3.14 (s, 3H. CH^O),' 
3.34 (s, 3H, CH3O), 3.38 (s, 3H, CH3O), 4.66 (in, 1H, 42-CHO), 4.72 ( S ,~1H, 
OH); High Res. MS (neg. ion FAB): Calcd for C79H 125N3O23: 1483.3704. 
15 measured mass 1483.8636. 

Anai. Calcd for C79H125N3O23: C, 63.9C-; H, 8.49: N. 2.83 
Fcund: C, 63.68; K, 8.60; N, 3.20 
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Example 12 

Rapamvcin-42-ester with NS,. Ng -bisKl .1 -dimethvlKthnxy fo rty nyii.T .u,™ 



-20- 

Example II 

.Rapam ycin 7 3M2-die$ter with 5-n/i-tiime thvlcthoxv)-4-{T(i UHi^.^rhv^rWj^, 
carfaonvll- aminol-5-oxnr^ nrannin snrf 

The title compound was prepared (0.83 g, 12.8%) along with the 42- 
monoester as described in Example 10. HPLC analysis showed that the diester is a 
7.7: 1 mixture of two conformers. Hi§ 



25 Under anhydrous conditions, a solution of rapamycin (3 g, 3.28 mmole) and ^ 

N<* N^-bis-Boc-L-lysine (4.5 g, 13 mmole) in 40 mL of anhydrous dichloromcthane 
was treated with dicyclohexylcarbodiimide (1.35 g P 6.56 mmole) followed by 4- 
dimethylarainopyridine (0.8 g, 6.56 m mole). After stirring overnight at ambient 
temperature, the precipitated solid was collected and washed with dichloromcthane. The 

30 combined filtrates were concentrated in vacuo to give an amorphous amber solid. Flash jlS 
chromatography of the crude product (on silica Merck 60, eiution with hexane- 
ethylacetate 1:1 v/v) gave partially purified title compound. Pure product (0.8 g, 
19.6%) was obtained by preparative HPLC (Waters .Prep 500, silica gel, hexane- 
ethylatetate 3:2 v/v, flow rate 250 mL/min). HPLC analysis showed that the monoester 

35 is a 9: 1 mixture of two conformers. 



2*. 
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*H NMR (CDCI3, 400 MHz): 5 1.433 (m, 9H, COOBut), 1.455 (s, 9H, 
COOBut), 1.652 (s, 3H, CH 3 C=C), 1.752 (s, 3H, CH 3 C=C), 3.14 (s, 3H, CH3O), 
3.33(s, 3H, CH3O), 3.37 (s, 3H, CH3O), 4.18 (d, 1H, CHOH), 4.72 (m, 1H, 42- 
CHO), 4.79 (s, 1H, OH); High Res. MS (neg. ion FAB): Calcd for C67H107N3O18: 
5 1241.7549, measured mass 1241.7604. 

Anal. Calcd for C67H107N3O13 : C, 64.76; H, 8.68; N, 3.38 
Found: C, 64.58; H, 9.01; N, 3.10 



10 Example 13 

Rapamvcin-31.42-diester with N ^bisrn.l-dimethvlethoxy)carbonyn-L-1 vsjpg 

Under a nitrogen atmosphere, a solution of N a ,N £ bis-Boc-L-lysine (1.03S g, 

15 3 mmole) and triethylamine (0.42 mL, 3 mmmole) in 10 mL of anhydrous THF was 
treated in one portion with 2,4,6-trichIorobenzoyl chloride (G.73 g, 3 rruncle). After 
stirring for 20 minutes at ambient temperature, the precipitated solid was collected and 
the filtrate was concentrated in vacuo . The resulting mixed anhydride was dissolved in 
5 mL of benzene and added to a stirred solution of rapamycin (1 g, 1.09 mmole) 

20 containing 4-dimethylamino pyridine (0.59 g, 4.8 mmole) in 10 mL of benzene. After 
stirring at ambient temperature overnight, the precipitated solid was collected and the 
filtrate was evaporated to dryness (yellow foam). The crude product was purified by 
flash chromatography ( on silica Merck 60, elution with hexane-ethylacetate 1:1) to 
provide title compound (1.15 g, 67%). HPLC analysis shows that the diester is a 9:1 

25 mixture of two conformers. 

*H NMR (CDCI3, 400 MHz): 5 1.426 (m, 9H, COOBuO, 1.438 (s, 9H, COOBut)., 
1.443 (s, 9H, COOBut), 1.446 (s, 9H, COOBut), 3.141 (s, 3H, CH3O), 3.36 (s, 3H, 
CH3O), 3.378 (s, 3H, CH3O), 4.68-4.76 (m, 2H, OH and 42-CHO); High res. MS 
(neg. ion FAB): Calcd. for C83H135N5O23 1569.9526, measured mass 1559.9537. 

30 Anal. Calcd. for C83H135N5O23: C, 63.46; H, 8.66; N, 4.46 

Found: C, 63.06; H. 8.S4; N, 4.09 
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Example 14. 

Rapamycin- 1 4.3 1 ,42-trisf monobenzylsuccinate^) 

To a solution of 5.0 g (5.47 mmol) of rapamycin, 3.41 g (16.41 mmol) of 
monobenzylsuccinate, and 3.15 g (16.41 mmol) of l-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride in 20 mL of dry dichloiomethane was added 200 mg 
of 4-dimethylaminopyridine. The solution was stirred at room temperature for 3 days. 
The reaction mixture was poured into 2 N HC1 and extracted three times with ethyl 
acetate. The organic layers were combined, washed with brine, dried over anhydrous 
sodium sulfate, decanted, and concentrated in vacuo to give a light yellow foam. Flash 
chromatography on a 60 mm x 150 mm silica gel column during v/ith 20 % ethyl 
acetate/hexane to 75 % ethyl acetate/hexane gave three fractions. Fraction #1, upon 
concentration, gave 330 mg (4.1%) of pure rapamycin- 14,31 ,42-tris- 



Rapamycin- 14,31, 42- tris (monomethylsuccinate) 
30 Rapamycin- 1 4,3 1,42-tris (monophenyl-3\3'-dimethylglutaratc) 

Rapamycin-14,3i,42-tris (mono t-butyl-3'-mcthylglutarate) 
Rapamycin- 14,3 i ,42-tris (monobenzylthiodiglycolate) 
Rapamycin- 14,3 1,42-tris (monohexyldiglycolate) 
Rapamycin- 14,3 1,42-tris (monopropylphthalate) 
35 Rapamycin- 14,31 ,42-tris (monoethyl-2\6'-pvridinedicarboxy late) 



H 



15 (monobenzylsuccinate). 

l H NMR (CDC1 3) 4C0 MHz) 5 7.353 (fas, 15 H, carom), 5.168 (d, J = 2.0 Hz, '"^ 
1 H, CH-0 2 C), 5.148 (m, 6 H, CH 2 Ph), 4.672 (m, 1 H, C0 2 C//-CKOMe), 3.355 
(s, 3 H, CH3O-), 3.337 (s, 3 H, CH3O-), 3.327 (s, 3 H, CH3O-), 2.697 ( m, 12 H, 

0 2 CC// 2 C7/ 2 C0 2 CH 2 Ph), 1.745 (s, 3 H, C// 5 C=C), 1.655 (s, 3 H, CtfjOC); |j§ 

20 IR (KBr) 3450 (OH), 2950 (CH), 1745 (C=0), 1650, 1460, 1335, 1360, 1160, 1105, B|| 

995 cnr*. ] 0K 

Analysis Calcd for C84H109NO21 • 3 H 2 0 C 66.27; H 7.56; N 0.92 [ jj| 
Found C 65.96; H 7.24; N 1.00 

25 The following representative compounds can be prepared from raoamvein and 

the appropriate half acid-ester by employing the method used to prepare the title W$$< 
compound in Example 14. 
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Exainple 15. 

R apamvcin-Sl^-bisfmonobenzvlsuccinatcl 

5 Fraction # 2, obtained from the proceduie employed in Example 14, gave 

1.25 g (17.7 %) of pure rapamycin-3 l,42-bis(monobenzylsuccinate) upon concen- 
tration. 

*H NMR (CDC1 3; 400 MHz) 5 7.351 (bs, 10 H, crorn\ 5.168 (d, J = 2.0 Hz, 
1 H, C//-0 2 C), 5.125 (m, 4 H, C// 2 Ph), 4.630 (m, 1 H, C0 2 C//-CHOMe), 3.356 
10 (s, 3 H, CH3O-), 3.329 (s, 3 H, CtfjO-), 3.146 (s, 3 H, C//5O-), 2.639 ( m, 8 H, 
0 2 CC// 2 C// 2 C0 2 CH 2 Ph), 1.748 (s, 3 H, C//jC=C), 1.654 (s, 3 H, C/7jOC); 
IR (KBr) 3450 (OH), 2940 (CH), 1740 (OO), 1650, 1455, 1380, 1355, 1160, 1105, 
995 cm-l; MS (neg. ion FAB) 1294 (M-), 1202, 1103, 1012, 590, 511, 475, 297, 
207, 167, 148, 99 (100); High Res. MS (neg. ion FAB) Calcd for C73H99NO19 
15 1293.68108, found 1293.6811. 

. Analysis Calcd for C73H99NO19 • H2O C 66.S2; H 7.70; N 1.07 
Foun d C 67.17; H 7.67; N 1.23 



20 The following representative compounds can be prepared from rapamycin and 

the appropriate half acid-ester by employing the method used to prepare the title 
compound in Example 15. 

Rapamycin-31,42-bis (monomethylsuccinate) 
25 Rapamycin-3 1 ,42-bis (monophenyl-3\3'-dimethylgluiarate) 

Rapamycin-3 1 ,42-bis (mono t-butyl-3'-methylglutarate) 

Rapamycin-3 1 ,42-bis (monobenzylthicdiglycolate) 

Rapamycin-3 1 ,42-bis (monohexyldiglycolate) 

Rapamycin-3 1 ,42-bis (monopropy lphthalate) 
30 Rapamycin-3 1 ,42-bis (monoethyl-2\6'-pyridinedicarboxy!ate) 



Example 16. 
35 Rapamvcin-42-fmonobenzylsiiccinate) 



Fraction # 3, obtained from the procedure employed in Example 14, gave 
930 mg (15.4 %) of pure rapamycin-42-monobenzylsuccinate upon concentration 
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l H N.MR (CDCI3, 400 MKz) 5 7.355 (bs, 5 H, arom), 5.141 (m, 2 H, 
C// 2 Ph), 4.6S0 (m, 1 H, CC^C#-CH0Me), 3364 (s, 3 H, C/fjO-) t 3.333 (s, 3 H, 
Cf/jO-), 3.141 (s, 3 H, CH 3 0-l 2.698 ( m, 4 K, 02CC//2C^2C0 2 CH2?h), 1.751 
(s, 3 H, CH 3 C=C\ 1.655 (s, 3 H, CH 3 C=C)\ IR (K3r) 3450 (OH), 2940 (CH), 1740 
(C=0), 1645, 1455, 1380, 1165, 1105, 990 cnr*; MS (ncg. ion FAB) 1103 (M-), 
1045, 1012, 624, 590, 167, 99 (100); High Res. MS (ncg. ion FAB) Calcd for 
C62K89NO16 1103.6181, found 1103.6048. 



Rapamvc in-31.42-bishemip;1nTararg 



To a solution of 2.0 g (2.2 mmol) of rapamycin in 10 rnL of dry 
dichloromcthane was added 1.24 g (10.9 mmol) of glutaric anhydride followed by 

30 881 uL (861 mg, 10.9 mmol) of pyridine. To this was added 200 mg of 
4-dimethylaminopyridine and the reaction mixture was allowed to reflux for 8 h. The 
solution v/as cooled to room temperature, poured into 2 N HCi, and extracted three 
times with dichloromethane. The combined organic extracts were washed with brine, 
dried over anhydrous sodium sulfate, decanted, and concentrated in vacuo to give a 

35 yellow foam. The crude product was purified via reverse phase KPLC on a Cis 
column during starting with 60 % acetonitrile/water. Collected, after, concentration, 
586 mg (24 %) of rapamycin-31,42-bishcmiglutarate. 



Analysis Calcd for C62H89NOi6-H 2 0 C 66.36; K 8.02; N 1.24 c$|v 
Found C 66.02; H 7.69; N 1.26 wS 



The follov/ing representative compounds can be prepared from rapamycin and 
the appropriate half acid-ester by employing the method used to prepare the titie 
compound in Example 16. 

1 5 Rapamytin-42-(monomethylsuccinate) ; 

Rapamycin-42-monophenyl-3',3 , -dimethylglutar?.te) 
Rapamycin-42-(mono t-butyl-3-methyIglutarate) 

Rapamycin-42-(monohexyldiglycolate) 
20 Rapamycm-42-(monopropyIphthalate) 

Rapaniycin^2-(monoethyl-2\6'-pyridmedicarboxylate) 

Example 17. 
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*H NMR (CDC] 3 , 400 MHz) 5 5.393 (m, I H, -CCfcCtfCHOMc), 4.683 
(m, 1 H, -CCfcCffCHOMe), 3.364 (s, 3 H, CH 3 0-\ 3.362 (s, 3 H, CH3O-), 3.106 
(s, 3 H, CH3O-), 2.407 (m, 8 H, -O2CC//2CH2C//2CO2H), 1.960 (m, 4 H, 
-O2CCH2C//2CH2CO2H), 1.770 (s, 3 H, CH 3 C=C), 1.653 (s, 3 H, CH 3 C=Q; 
5 13C NMR (CDCI3, MHz) 211.45 (C=0), 206.84 (C=0), 200.44 (C=0), 177.03 
(C=0), 177.04 (C=0), 172.43 (C=0), 171.20 (C=0), 165.27 (C=0), 159.08 (C=0); 
IR (KBr) 3430 (OH), 2940 (CH), 2880 (CH), 1745 (C=0), 1685, 1625, 1580, 145o', 
1385, 1330, 1200, 1140, 1100, 990 cm-1; MS (neg. ion FAB) 1140 (M-H),' 1122, 
1026, 990, 946, 913, 590, 475, 435, 321, 167, 148, 131 (100), 113; High Res! 
10 MS (neg. ion FAB) Calcd for C61H90O19N (M-H) 1 140.6107, Found i 140.6106. 

Analysis Calcd for C6iH 9 iOi 9 N-H 2 0 C 63.15; H 8.02; N 1.20 
Found . C 63.35; H 7.38; N 1.40 

The following representative compounds can be prepared from rapamycin and 
15 the appropriate anhydride by employing the method used to prepare the title compound 
in Example 17. 

Raparnycin-31,42-bisherni-3'-methylglutarate 
on Rapamycin-31 ,42-bishemi-3',3'-dirncthyIglutarate 

M Raparnycin-31,42-bisherni-3'-oxoglutarate 

Rapamycin-31,42-bishemi-3'-thioglutarate 

Rapamycin-3 1 ,42-bishemi-phthalate 

Rapamycin-3 1 ,42-bishemi-2\3'-i)yridine dicarboxylate- 
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Example 18. 

RapaTPvcin-31.42-hemiglnra r ate hisso dinm ™it 



Purified bis-31,42-hemiglutarate of rapamycin (740 mg, 649 urool), prepared 
as described in Example 17, was dissolved in 5 mL of 95 % cthanol and 107 mg 
(1.27 mmol) of sodium bicarbonate was' added. Water (1 mL) was added to 
completely dissolve the salt. Once dissolved, the light yellow solution was 
concentrated in vacuo to give a foamy yellow solid. The foam was dried in a drying 
35 pistol for 24 h, refluxing over acetone at reduced pressure to give 520 mg of the 
bissodium salt. 
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*H NMR (d6-DMSO, 400 MHz) 5 5.235 (m, 1 H, -CHQ 2 Q, 4.498 (m, I H, 
MeOCHC//0 2 C-), 3.287 (s, 6 H, 2 CH 3 0-), 3.236 (s, 3 K, CH 3 0-), 2.245 (m,' 8 U, 
O2CC//2CH2C//2CO2-), 1.712 (s, 3 H, C// 5 C=C), 1.593 (s, 3 H, CH 3 C=C); 
IR (KBr) 3420 (OH), 2920 (CH), 1725 (C=0), 1675, 1620, 1560, 1450, 1400, 1375, 
1230, 1195, 1130, 1090, 980 cm-*; MS (neg. ion FAB) 1112 (M-i, free acid), 994,' 
589, 475, 297, 167, 148, 117, 99 (100); High Res. MS (neg. ion FAB) Calcd for 
C6iHs90i9NNa (M-Na) 1162.5926, Found 1162.5899. 

Analysis Calcd for C6iH890i9NNa 2 -H 2 0 C 60.85; H 7.56; N 1.16 
Found C 60.67; K 7.36; N 1.58 



Exampie 19. 

Rapamvcin-31.42-I?i.shir.TnifTlnf H r3rp bistrorneth.irrnr?f>. s?M 

Purified bis-31,42 hemiglutarate of rapamycin (950 mg, 833 urnol), prepared as 
described in Example .17, was dissolved in 5 mL of 95 % ethanol and 197 mg 
(1.63 mmol) of tris(hydroxymethyl)rnethylarnine was added. Water (1 mL) was added 
to completely dissolve the amine. Once dissolved, the yellow solution was 
concentrated in vacyo to give a foamy yellow solid. The very_ hygroscopic foam was 
dried in a drying pistol for 24 h, refluxing over acetone at reduced pressure to give 
900 mg (78 %) of the bistromethamine salt. 



l H NMR (de-DMSO, 400 MHz) 5 5.253 (m, 1 H, -C//0 2 C), 4.523 (m, 1 H, 
MeOCHC/f0 2 C-), 3.347 (s, 6 H, 2 C//3O-), 3.276 (s, 3 H, C// 3 0-), 2.289 (m ; 8 H,' 
0 2 CC7/ 2 CH 2 C// 2 C0 2 -), 1.681 (s, 3 H, C// 5 C=C), 1.595 (s, 3 H, Cff?C=C); 
IR (KBr) 3400 (OH), 2920 (CH), 1730 (C=0), 1620, 1555, 1450, 1400, 1370, 1185, 
1060, 980 cm-*; MS (neg. ion FAB) 1140 (M-H, free acid), 1028, 167, 148, 131 
(100), 113; High Res. MS (neg. ion FAB)' Calcd for Q51H90O19N (M-H, free acid) 
1140.6107, Found 1140.6069. 

Analysis Calcd for C69H103O25N3 ■ 2 H 2 0 C 58.77; H 7.5S: N 2.98 
Found C 58.47; H 7.94; K 3.53 



i.;.iX'$5. 



['§!§_ 






WO 92/05179 PCT/US91/06S24 *M 



35 



-27- 

Example 20. 

Rapamyci n-42-h emi-3'-oxop l n ta m re 



; ' it"? 



■ .•.7»fl!' 



5 To a solution of 3.0 g (3.3 mmol) of rapamycin in 20 mL of dry 

dichloromethane was added 1.90 g (16.4 mmol) of diglycolic anhydride followed by 
1.32 mL (1.29 g, 16.4 mmol) of pyridine. To this was added 200 mg of 
4-dimcthylaminopyridine and the reaction mixture was allowed to stir at room |f|| 
temperature for 2 days. The solution was cooled to room temperature, poured into 2 N £fP 

10 HC1, and extracted three times with dichloromethane. The combined organic extracts 
were washed with brine, dried over anhydrous sodium sulfate, decanted. 2nd 
concentrated in vacuo to give a yellow foam. The crude product was purified via 
reverse phase HPLC on a C\s column eluting starting with 60 % acetonitrile/water. 
After concentration, 870 mg ( 26 %) of rapamycin-42-hcmi-3-oxogIutarate and 

15 500 mg (13 %) of rapamycin-31,42-bishemi-3'oxoglutarate were isolated. 

J H NMR (CDC13, 400 MHz) 5 4.768 (m, 1 H, C0 2 C7/-CHCMe), 4.250 
(m, 4 H, O2CCH2OCH2CO2), 3.356 (s, 3 H, CH3O-), 3.331 (s, 3 H, CH3O-), 
3.139 (s, 3 H, CH3O-), 1.759 (s, 3 H, C//3OC), 1.653 (s, 3 H, CWjC=C); 
IR (KBr) 3420 (OH), 2920 (CH), 2875 (CH), 1740 (C=0), 1720 (C=0), 1640, 1625, 

20 1445, 1370, 1320, 1200, 1135, 1095, 980 cnr*; MS (neg. ion FAB) 1028 (M - H), 

327, 167 (100), 148, 133, 115; High Res. MS (neg. ion FAB) Calcd for 

C55H82O17N (M - H) 1028.5597, Found 1028.5599. 

Analysis Calcd for C55H83O17N ■ 3 H2O C 60.97; H 8.22; N 1.29 

Found -C 61.33; J-I 7.74; N 1.69 <W 

25 W$ 

The following representative compounds can be prepared from rapamycin and Ijlll 
the appropriate half acid-ester by employing the method used to prepare the title 
compound in Example 20. 

30 Rapamycin-42-hemi-3 , -methylglutarate 

Rapamycin-42-hemi-3\3-dimethylglutaratc 
Rapamycin -42-hemi-3-thioglutarate 
Rapamycin-42-hemi-phthalate 
Rapamycin-42-hemi-2\3'-pyridinedicarboxylatc 



m 
m 



Pip 
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Rapamvcin-3 1 .42-bishemi-3'-oxoglutarate 



30 R3Pamvcin -31.42-bishemi-3'-oxoglutarate disodium salt 

Purified bis-31,42 hemi-3'-oxoglutaratc of rapamycin (720 mg, 629 umol) , 
prepared by the procedure employed in Example 21, was dissolved in 10 mL of 95 % 
ethanol and 106 mg (1.26 mmol) of sodium bicarbonate was added. Water (i mL) was 
35 added to completely dissolve the sait. Once dissolved, the light yellow solution was 
concentrated in vacuo to give a foamy yellow solid. The foam was dried in a drying 



Example 21. 



5 To a solution of 5.0 g (5.47 mmol) of rapamycin in 20 mL of dry 

dichloromethane was added 3.17 g (27.3 mmol) of diglycoiic anhydride followed by 
2.17 mL (2.12 g, 27.3 mmol) of pyridine. To this was added 400 mg of 
4-dimethylaminopyridine and the reaction mixture was allowed to stir at reflux for 24 h. 
The solution was cooled to room temperature, poured into 2 N HC1, and extracted three 

10 times with dichloromethane. Tne combined organic extracts were washed with brine, 
dried over anhydrous sodium sulfate, decanted, and concentrated in vacuo to give a 
yellow foam. The crude product was purified via reverse phase HPLC on a f;.^® 
Ci8 column eluting starting with 60 % acctonitrile/water. After concentration, 1.75 g 
( 28 %) of rapamycin-31,42-bishemi-3'-oxogIutarate was isolated. 

15 lH NMR (CDC13, 400 MHz) 5 4.785 (m, 1 H, C0 2 C//CHOMe), 4.260 

(m, 8 H, O2CCH2OCH2CO2), 3.360 (s, 3 H, CH3O-), 3.343 (s, 3 H, CH3O-), 
3.143 (s, 3 H, CH3O-), 1.775 (s, 3 H, CH 3 C=C), 1.656 (s, 3 H, CtfjC=C); 
13c NMR (CDCI3, MHz) 211.12 (C=0), 207.73 (C=0), 193.11 (C=0). 171.90 P$M 
(C=0). 171.59 (C=0), 170.15 (C=0), 169.35 (C=0), 168.83 (C=0), 166.63 (C=0); llpf 

20 IR (KBr) 3420 (OH), 2920 (CH), 2850 (CH), 1740 (C=0), 1645, 1625, 1440, 1370*. 
1190, 11300, 980 cm-l;- MS (neg. ion FAB) 1140 (M-H), 1122, 1026, 990, 946, 
913, 590, 475, 435, 321, 167, 148, 131 (100), 113; High Res. MS (neg. ion FAB) |||jf 
Calcd for C59H86O21N (M-H) 1 144.5701, Found 1 144.5702. iSlfc 
Analysis Calcd for C59H87O21N C 61.82; H 7.65- N 1 22 

25 Found C 61.59; H 7.36; N 1.84 !fi§& 

f.. ..'i.vV..^S 

Examole 22. I^SsS? 



flu 
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Example 23. 

Raparnvcir.-31 .42-hishe Trii-3'-oxog1utarate bistromet'namine s?U 



pistol for 48 h, refluxing over dichloromeLhane at reduced pressure to give 435 nig [■:%• 
(58 %) of the discdium salt. 

! K NMR (de-DMSO, 400 MHz) 5 4.975 (m, 1 H, -C//0 2 C), 4.593 (m, 1 H, ; 
MeOCHC//0 2 C-), 4.135 (s, 2 H, -O2CCH7OC//2CO2R), 3.617 (s,2 H, 
5 -0 2 CC//20CK 2 C0 2 R), 3.299 (s f 6 K, 2 C//3O-), 3.232 (s, 3 H, CH3O-), 1.614 

(s, 3 H, C//jOC), 1.553 (s, 3 H, CH3OQ; IR (KBr) 3420 (OH), 2920 (CH), 
1735 (C=0), 1615, 1445, 1395, 1380, 1320, 1220, 1130, 1090, 980 cm-1; 
MS (neg. ion FAB) 1188 (M-l), 1166 (M-Na), 1144, 1051, 1028, .590, 459, 167, 
155 (100), 148, 133, 115. 

10 Analysis Calcd for C59Hs502iNMa2 ■ 2H 2 0 C 57.79; K 7.26; N 1.14 

Found C 57.94; H 7.11; N 1.26 



Purified bis-31,42 hemi-3'-oxoglutarate of rapamycin (L01 g, 832 umo!), 
prepared by the procedure employed in Example 21, was dissolved in 10 mL of 95 % 

20 ethanol and 213 mg (1.76 mmol) of tris(hydroxymethyl)- methyiamine was added. 9ff 

Water (1 mL) was added to completely dissolve the amine. Once dissolved, the yellow \^ } 
solution was concentrated in vacuo to give a foamy yellow solid. The very 

hygroscopic foam was dried in a drying pistol for 48 h, refluxing over dichloromethane £§f; 
at reduced pressure to give 805 mg (66 %) of the bisrromethamine salt 

25 vzw% 

lH NMR (d6-DMSO, 400 MHz) 5 4.955 (m, 1 K, -C//0 2 C), 4.600 (ra, 1 H, gf$. 

MeOCHC//0 2 C-), 4.149 (s, 2 H, -0 2 CCH 2 OC// 2 C02R). 3.770 ( s , 2 K,' Ml 

-O2CC//2OCH2CO2R), 3.407 (s, 6 H, 2 C//3O-), 3.257 (s, 3 H, C//3O-), 1.806 ' IfS 

30 (s, 3 H, CH 3 C=C), 1.614 (s, 3 H, CH 3 C=C); IR (KBr) 3400 (OK), 2920 (CH), |§| 

1730 (C=0), 1620, 1550, 1450, 1395, 1370, 1200, 1060, 985 cm-1; ' If! 

MS (neg. ion FAB) 1144 (M-H, free acid), 1028, 167, 148, 133 (100), 115. F^ 
Analysis Calc'd for C67H109O27N3 • H2O C 57.22; H 7.90; N 2.98 
Found C 57.26; H 7.90; N 3.15 



Hi 
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Example 24. 



10 



15 



Rapamycin-3 1 .42-hishemisuccina?e . 

To a solution of 2.0 g (2.2 mmol) of rapamycin in 10 mL of dry dichioro- 
methane was added 1.19 g (10.9 mmol) of succinic anhydride followed by 881 uL 
(861 mg, 10.9 mmol) of pyridine. To this was added 200 mg of 4-dimethylamino- 
pyridine and the reaction mixture refluxed for 24 h. The solution was cooled to room 
temperature, poured into 2 N HC1, and extracted three times with dichlororncthanc. 
The combined organic extracts were washed with brine, dried over anhydrous sodium 
sulfate, decanted, and concentrated in vacuo to give a yellow foam. The crude product 
was purified via reverse phase HPLC on a Cig column gradient eluting starting with 
20 % acetonitrile/water to 60 % acetonitriie/water. Collected, after, concentration, 
770 mg (31 %) of rapamycin-3 1,42-bishemisuccinate. 



The purified bis-31,42 hcrnisuccinate of rapamycin (770 mg, 6S6 umci) was 
dissolved in 10 mL of 95 % ethanol and 166 mg (1.37 mmol) of tris(hydroxymethyl)- 
methylamine was added. Water (1 mL) was added to completely dissolve the amine. 
Once dissolved, the yellow solution was concentrated in vacuo to give a foamy yellow 
20 solid. The very hygroscopic foam was dried in a drying pistol for 24 h, refiuxing over 
acetone at reduced pressure to give 890 mg (95 %) of the bistromethaminc salt. The 
bistromethane salt was evaluated in the standard pharmacological test procedures. 

*H NMR (d 6 -DMSO, 400 MHz) 5.231 (m, 1 H, -C//0 2 C), 4.554 (rn, 1 H, 
25 MeOCHC//0 2 C-), 3.426 (s, 6 H, 2 C//3O-), 3.249 (s, 3 H, C//3O-), 2.431 (m, 8 H,' 
O2CCH2CH2CO2-), 1.700 (s, 3 H, CH 3 C=C), 1.554 (s, 3 H, GF/jC=C); " C NMR 
(d 6 -DMSO, ) 211.28 (C=0), 205.23 (C=0), 199.59 (C=0), 174.86 (C=0), 173.62 
(OO), .171.72 (C=0), 171.50 (C=0), 166.56 (C=0), 166.53 (C=0); IR (XBr) 3420 
(OH), 2940 (CH), 1735 (C=0). 1630, 1530, 1460, 1400, 1380, 1170, 1070, 
30 990 cm- 1 ; MS (neg. ion FAB) 1112 (M-l. free acid), 994, 589, 475, 297, 167, 148. 
117,99 (100). 

Analysis Calcd for C67Hi09O25N 3 - 2 H 2 0 C 57.80; K 8.12; N 3.01 
Found C 57.91; H 8.21; N 2.37 
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CLAIMS 



What is claimed is: 

1 . A compound of the structure 



PR 1 



10 



15 



20 



R 3 oUi4 0 

V^O OMe 




wherein R 1 , R 2 - and R3 are each, independently, hydrogen, or R 4 ; 



O 
!! 



-C-(CH 2 ) t X(CH2) u C0 2 R 



n 



O 
II 

R 4 is - [C(CH 2 ) m CH(CH 2 ) n N] C0 2 R 7 

I I 
R 5 R 6 

O 

- c f Y 5- C0 2 R12 ; 

R 5 is hydrogen, alkyl of 1-6 carbon atoms, aralkyl of 7-10 carbon atoms, 

-(CH 2 ) q C0 2 RS, -(CH 2 ) r NR9cO 2 Rl0, carbamylalkyi of 2-3 carbon atoms, 
aminoalkyl of 1-4 carbon atoms, hydroxyalkyl of 1-4 carbon atoms, 
guanylalkyl of 2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms, 
alkylthioalkyl of 2-6 carbon atoms, indolylmethyl, hydroxyphcnyimethyi,' 
imidazoylmethyl or phenyl which is optionally mono-, di-, or tri-substituted 
with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 
carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 



WO 92/05179 



PCT/US91/C6824 



10 



15 



R 6 and R 9 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, or aralkyl 
of 7-10 carbon atoms; 

R 7 , R 8 , and R 10 are each, independently, alkyl of 1-6 carbon atoms, aralkyl of 7-10 
carbon atoms, fluorenylmethyl, or phenyl which is optionally mono-, di-, or tri- 
substituted with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy 
of 1-6 carbon atoms, hydroxy, cyano, halo, nitro, carballcoxy of 2-7 carbon 
atoms, trifluoromethyl, amino, or a carboxylic acid; 

R 11 and R 12 are each, independently, alkyl of 1-6 carbon atoms, aralkyl of 7-10 carbon 
atoms, or phenyl which is optionally mono-, di-, or tri-substituted with a 
substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon 
atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 

R*3 

Xis -C-, O, orS; 
R 14 



R 13 and R 14 are each, independently, hydrogen or alkyl of 1-6 carbon atoms; 
YisCHcrN; 
m is 0 - 4; 
n is 0 - 4; 
20 p is 1 - 2; 
q is 0 - 4; 
r is 0 - 4; 
t is 0 - 4; 
u is 0 - 4; 

O 

wherein R . R b , m, and n are independent in each of the[C(CH 2 ) m CH(CH 2 ) n N] 

i ~ i 

25 subunits when p = 2; 

or a pharmaceutical^ acceptable salt thereof, with the proviso that R 1 , R 2 - and R 3 are 
not all hydrogen, further provided that R 1 , R 2 » and R 3 arc not all 
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O 
II 

- [C(CH2) m CH(CH 2 ) n N] p C0 2 R 7 , and still farther provided th at t and u are not 

R 5 R6 
both 0 when X is O or S. 

O 
II 

2. A compound of claim 1 where R is — rQCHUUCHfCH^ NT CO-R 7 

I I 

R 5 R 6 

5 m = 0, n = 0, and p = 1 or a pharmaceuticaliy acceptable salt thereof. 

O 

i! 

3. A compound of claim 1 where R 4 is - [C(CK 2 ) m CK(CK 2 ) n N] p C0 2 R 7 

i } 

R 5 R 6 

m = 0, n = 0, and p = 2 or a pharmaceuticaliy acceptable salt thereof. 

O 
il 

4. A compound of claim 1 where R is - [C(CH 2 ) rn CH(CH 2 ) n N] p C0 2 R 7 

I I 

10 R 5 R 6 

n = 0, and R 5 is -(CH2) q C02R 8 or a pharmaceuticaliy acceptable salt thereof. 

O 

5. A compound of claim I where R 4 is - [C(CH 2 ) m CH(CH 2 ) n N] p C0 2 R 7 , 

I i' 

R 5 ?J 

m = 0, n = 0, and R5 is -(CH 2 ) r NR?CO 2 Rl0 or a pharmaceuticaliy acceptable salt 
15 thereof. 

O 

II 

6. A compound of claim 1 where R 4 is ~ [C(CH 2 ) m CK(CH 2 ) n N]^CO-,R 7 

! V 

R 5 R 5 

m = 0, n = 0, and R 5 is hydrogen or a pharmaceuticaliy accentablc salt thereof. 
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O 

jj 

7. A compound of claim 1 where R 4 is -C- (CH 2 ),X(CH 2 ) u COoR n 
or a pharmaceutically acceptable salt thereof, 

8. A compound of claim 1 which is rapamycin-42-cster with N-[(l f 1-dimethyleth- 
oxy)carbonyl]-glycyiglycine or a pharmaceutically acceptable salt thereof. 

9. A compound of claim I which is rapamycin-31,42-dicster with N-[(l,l~di- 
methyl- ethoxy)carbonyl]-glycylglycine or a pharmaceutically acceptable salt thereof. 



10. A compound of claim 1 which is rapamycin-31,42-diester with N-[(i,l-di- 
methylethoxy)carbonyl]-N-methyiglycLne or a pharmaceutically acceptable salt thereof. 

1L A compound of claim I- which is rapamycin-42-ester with N-[(l,l-di- 
15 meLhylethoxy)carbonyl]-N-methylglycine or a pharmaceutically acceptable salt thereof. 

12. A compound of claim I which is rapamycin-31,42-diester with 5-(l,l- 
dimethylethoxy)-2-[[(l ,l-dimethylethoxy)carbonyl]amino]-5-oxopentanoic acid or a 
pharmaceutically acceptable salt thereof. 

20 

13. A compound of claim 1 which is rapamycin-42-ester with 5-(LI- 

dimethylethoxy)^2-t[(l,l-dimethylethoxy)carbonyl]amino]-5-oxopenr^noic acid or a 
pharmaceutically acceptable salt thereof. 

25 14. A compound of claim 1 which is rapamycin-31,42-diester with 2-[[(l,l- 
dimethylethoxy)carbonyl]amino]-4-oxo-4-(phenylmethoxy) butanoic acid or a pharma- 
ceutically acceptable salt thereof. 

15. A compound of claim 1 which is rapamycin-31,42-diestcr with 3- 
30 [[(1 J-dimethylethoxy)carbonyl]amino]-4-oxo-4-(phenylmethoxy) butanoic acid or a 

pharmaceutically acceptable salt thereof. 

16. A compound of claim I which is rapamycin-42-ester with 3- 

[[(l,l-dimethylethoxy)carbonyl]amino]-4-oxo-4-(phenylmethoxy) butanoic acid or a 
35 pharmaceutically acceptable salt thereof. 



17. A compound of claim I which is rapamycin-42-ester with 5-(I/i-dimethvl- 
oxy)-4-[[(l t l-dimethylethoxy)carbonyl]amino]-5-oxopentanoic acid or a pharma- 
ceutically acceptable salt thereof. 



18. A compound of claim 1 which is rapamycin-31,42-diester with 5-(l,l- 
dimethylcthoxy)-4-[[(l f l-dimethylethoxy)carbonyl]amino]-5-oxopcntanoic acid or a 
pharmaceutical^ acceptable salt thereof. 

19. A compound of claim 1 which is rapamycin-42-ester with N°% N £ -bis[(l,l- 
dimethylethoxy)carbonyl]-L-lysine or a pharmaceutical^* acceptable salt thereof. 

20. A compound of claim I which is rapamycin-31,42-diester with N a , N e 

bis[(l,l-dimethylethoxy)carbonyl]-L-Iysine or a pharmaceutically acceptable sait 
thereof. 

21. A compound of claim 1 which is rapamycin-i4,31 T 42-tris(monobenzyl- 
succinate) or a pharmaceutically acceptable salt thereof. 

22. A compound of claim 1 which is rapamycin-31,42-bis(monoben2ylsuccinate) 
or a pharmaceutically acceptable salt thereof. 

23. A compound of claim I which is rapamycin-42-(monobenzylsuccinate) or a 
pharmaceutically acceptable salt thereof. 

24. A compound of claim 1 which is rapamycin-31 1 42-bishemiglutarate or a 
pharmaceutically acceptable salt thereof. 

25. A compound of claim 1 which is rapamycin-31,42-hemiglutarare bissodium 
salt. 

26. A compound of claim 1 which is rapamycin-31,42-bishemiglutarate 
bistromethamine salt 

27. A compound of claim I which is rapamycin-42-hemi-3 , -oxoslutarate or a 
pharmaceutically acceptable salt thereof. 
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28. A compound of claim 1 which is raparnycin-31,42-bishenu-3 , -oxogIutarai;e or 
a pharmaceutical acceptable salt thereof. 

29. A compound of claim I which is rapamycin-31,42-bishemi-3'-oxoglutarate 
5 disodium salt. 

30. A compound of claim 1 which is rapamycin-31,42-bishemi-3'-oxoglutarate 
bistromethamine salt. 

10 31. A compound of claim 1 which is rapamycinol,42-bishemisuccinate or a 
phamiaceutically acceptable salt thereof. 

32. A compound of claim I which is rapamycin-31,42-bishemisuccinate 
bistromethane salL 



15 



33. A method of treating transplantation rejection, host vs. graft disease, 
autoimmune diseases, and diseases of inflammation in a mammal by administering an 
immunosuppressive amount of a compound having the structure 




^V^O OMe 



20 




wherein R 1 , R2. and R 3 are each, independently, hydrogen, or R 4 ; 
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O 

II ft 
R 4 is --[C(CH 2 ) m CH(CH 2 ) n N] p C0 2 R 7 , -C-(CH 2 ) t X(CH 2 ) u CC 2 R 1! , 0 r 

R 5 R 6 

O 

- C -f Y >C0 2 R^ : 

R 5 is hydrogen, alkyi of 1-6 carbon atoms, aralkyl of 7-10 carbon atoms, 
5 -(CH 2 ) q C0 2 R8, -(CH 2 )rNR9C0 2 R 10 , carbamylalkyl of 2-3 carbon atoms, 

aminoalkyl of 1-4 carbon atoms, hydroxy alky 1 of 1-4 carbon atoms, 
guanylalkyi of 2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms, 
alkylthioalkyl of 2-6 carbon atoms, indolylmethyl, hydrcxyphenylmethyl, 
imidazoylmethyl or phenyl which is optionally mono-, di-, or tri-substituted 
10 with a substituent selected from alkyi of 1-6 carbon atoms, alkoxy of 1-6 

carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 

R 6 and R 9 are each, independently, hydrogen, alkyi of 1-6 carbon atoms, or aralkyl 

of 7-10 carbon atoms; 

15 R7, r8, and R^ are each, independently, alkyi of 1-6 carbon atoms, aralkyl of 7-10 
carbon atoms, fluorenylmethyl, or phenyl which is optionally mono-, di-, or tri- 
substituted with a substituent selected from alkyi of 1-6 carbon atoms, alkoxy 
of 1-6 carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon 
atoms, trifluoromethyl, amino, or a carboxylic acid; 

20 R 1 1 and R 12 are each, independently, alkyi of 1 -6 carbon atoms, aralk)'i of 7-10 carbon 
atoms, or phenyl which is optionally mono-, di-, or tri-substituted with a 
substituent selected from alkyi of 1-6 carbon atoms, alkoxy of 1-6 carbon 
atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 

25 

R 13 

Xis -C-, o, orS; 

R14 

R 13 and R 14 arc each, independently, hydrogen or alkyi of 1-6 carbon atoms; 
Y is CH or N; 
30 m is 0 - 4; 
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38 



n is 0 - 4; 
p is 1 - 2; 
q is 0 - 4; 
r is 0 - 4; 
5 t is 0 - 4; 
u is 0 - 4; 



10 



wherein R 5 , R 6 , m, and n are independent in each of the[C(CH 2 ) m CH(CH 2 ) n N] 

i 

i 

V6 



O 
!! 



R5 



subunits when p = 2; 

or a pharmaceutical^ acceptable salt thereof, with the proviso that R 1 , R 2 > and R3 are 
not all hydrogen, further provided that R ! , R 2 > and R 3 are not all 

O 

Ji 

— tC(CH 2 ) n ,CH(CH 2 ) n N] p C0 2 R ' ? and still further provided that t ana u are not 

i i 

r 5 

both 0 when X is O or S. 

34. A method of treating fungal infections which comprises administering an 
15 antifungal amount of a compound having the structure 



OR 1 




M 



wherein R 1 , R 2 » and R 3 are each, independently, hydrogen, or R 4 ; 
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O 



O 



R 4 is ~[C(CH 2 ) m CH(CH 2 ) n N] p C0 2 R 7 , -C-(CH 2 ) t X(CH 2 ) u C0 2 R 11 , or 
R 5 R 6 

O 

II 

-C-f^CO*". 

R 5 is hydrogen, alkyl of 1-6 carbon atoms, aralkyl of 7-10 carbon atoms, 

-(CH 2 ) q C0 2 R8, -(CH 2 )rNR9CO 2 Rl0 I carbamylalkyl of 2-3 carbon atoms, 
aminoalkyl of 1-4 carbon atoms, hydroxyalkyl of 1-4 carbon atoms, 
guanylalkyl of 2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms, 
alkylthioalkyl of 2-6 carbon atoms, indolylmethyl, hydroxyphenylmethyi, 
imidazoylmethyl or phenyl which is optionally mono-, di-, or iri-substirute-d 
with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 
carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifiuoromethyl, amino, or a carboxylic acid; 
R 6 and R9 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, or araLkyl 
15 of 7- 1 0 carbon atoms; 

R 7 , R8, and RIO ^ each, independently, alkyl of 1-6 carbon atoms, aralkyl of 7-10 
carbon atoms, fluorenylmethyl, or phenyl which is optionally mono-, di-, or tri- 
substituted with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy 
of 1-6 carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon 

20 atoms, trifiuoromethyl, amino, or a carboxylic acid; 

R 1 1 and R12 ^ each, independendy, alkyl of 1-6 carbon atoms, aralkyl of 7-10 carbon 
atoms, or phenyl which is optionally mono-, di-, or tri-substituted with a 
substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon 
atoms, hydroxy, cyano, halo, .nitro, carbalkoxy of 2-7 carbon atoms, 

25 trifiuoromethyl, amino, or a carboxylic acid; 

Xis -C-, O, orS; 

R14 

R 13 and R 14 are each, independently, hydrogen or alkyl of 1 -6 carbon atoms- 
30 YisCHorN; 



( ■ 
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wherein R 5 , R 6 , m, and n are independent in each of the[C(CH 2 ) m CH(CH 9 ) n N] 



R 5 p6 



subunits when p = 2; 

or a pharmaceutical^ acceptable salt thereof, with the proviso that R 1 , R2. and R 3 a 
10 not all hydrogen, further provided that R 1 , R 2 > and R 3 are not all 



are 



1 

- 40 - 

m is 0 - 4; . IgSi 

n is 0 - 4; - 
p is 1 - 2; 
q is 0 - 4; 

risO-4; 11^ 
t is 0 - 4; 
u is 0 - 4; 



o 9S' 

!! 

SI 



O K 

ii • m 

- [C(CH 2 ) m CH(CH 2 ) n N] p C0 2 R 7 , and still further provided that t and u are r ot 38 
! | 

R 5 R 6 j|| 

both 0 when X is O or S. ^pl 



35. A pharmaceutical composition for the use in treating transplantation rejection, IStf 
host vs. graft disease, autoimmune diseases, and diseases of inflammation in a mammal §§| 
which comprises, an immunosuppressive amount of a compound havin g the structure plf 



5 stiu'jiure ;■•**«= 

.'•."•V^'v, 
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OMe 



•N' ^r-° 0 <^ 0R2 



M> 6 »-V 

■ O OMe 




wherein R\ R2, aid R3 are each, independently, hydrogen, or R 4 ; 
O 



o 

!! 



10 



15 



20 



R is. -[C(CH 2 ) m CH(CH 2 ) n N] p C0 2 R' , -C-CCH^CH^COaR" , cr 
R 5 R 6 

O 

R 5 is hydrogen, alkyl of 1-6 carbon atoms, araikyl of 7-10 carbon atoms, 

-(CH2) q C0 2 R8, -(CH 2 ) r NR9cO 2 Rl0, carbamylalkyl of 2-3 carbon atoms, 
aminoalkyl of 1-4 carbon atoms, hydroxyalkyi of 1-4 carbon atoms,' 
guanylalkyl of 2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms, 
alkylthioalkyl of 2-6 carbon atoms, indolylmethyl, hydroxyphenylmethyl, 
imidazoylmethyl or phenyl which is optionally mono-, di-, or in-substituted 
with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 
carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 

R 6 and R9 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, or araikyl 
of 7-10 carbon atoms; 

R 7 , R 8 , and R10 are each, independently, alkyl of 1-6 carbon atoms, araikyl of 7-10 
carbon atoms, fluorenylmethyl, or phenyl which is optionally mono-, di-, or tri- 
substituted with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy 
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of 1-6 carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon 
atoms, trifluorornethyl, amino, or a carboxylic acid; 
R 11 and R 12 are each, independently, alky] of 1-6 carbcrn atoms, aralkyl of 7-10 carbon 
atoms, or phenyl which is optionally mono-, di-, or tri-substituted with a 
substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon 
atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluorornethyl, amino, or a carboxylic acid; 

?" 

Xis -C-, 0, orS; 

Ri4 



R 13 and R 14 are each, independently, hydrogen or alkyl of 1-6 carbon atoms; 
YisCHorN; 
m is 0 - 4; 
n is 0 - 4; 
15 p is i - 2; 
q is 0-4; 
r is 0 - 4; 
t is 0 - 4; 
u is 0 - 4; 

O 

5 6 11 

wherein R , R , m, and n are independent in each of the[C(CH 2 ) m CF(CHo) N] 

i T 

R5 R 6 

20 subunits when p = 2; 

or a pharmaceutically acceptable salt thereof, with the proviso that R 1 , R2. and R3 are 
not all hydrogen, further provided that R : , R 2 « and R 3 are not all 

O 
II 

— [C(CH 2 ) m CH(CH 2 ) n N"J p C0 2 R 7 , and still further provided that t and u are not 

R 5 R 6 
25 both 0 when X is O or S. 



mi 
mi 



mm 



Ill 
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o 
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36. A pharmaceutical composition for the use in treating fungal infections, which 
comprises an antifungal amount of a compound having the structure 



--..'■'TTi'i'* 



OMe 



wherein R 1 , R2, and R3 are each, independently, hydrogen, or R 4 ; 
O 

R 4 is -[C(CH 2)ni CH(CH 2 ) n N] p C0 2 R 7 , -C-(CH 2 ) t X(CH 2 ) u C0 2 R I! , or j|f 



O 

m 



-C-f ^-C0 2 R12. Sf^. 



R5 is hydrogen, alkyl of 1-6 carbon atoms, aralkyl of 7-10 carbon atoms, iffl 

-(CH 2 ) q C0 2 R3, -(CH2) r NR9cO 2 Rl0, carbamylalkyl of 2-3 carbon atoms, 81 

aminoaikyl of 1-4 carbon atoms, hydroxyalkyl of 1-4 carbon atoms! HI 

guanylalkyl of 2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms! BP 

15 alkylthioalkyl of 2-6 carbon atoms, indolylmethyl, hydroxyphenylmethyl,' H 

imidazoylmethyl or phenyl which is optionally mono-, di-, cr tri-substituted 

with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 3f§ 

carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 crrbon atoms, Elf 
trifluoromethyl, amino, or a carboxylic acid; ' j'^.f 

20 R6 and R* are each, independently, hydrogen, alkyl of 1-6 carbon atoms, or aralkyl l|f 

of 7-10 carbon atoms; ' 



i ■ -r»,: 
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R 7 , R 8 , and R J 0 are each, independently, alkyl of 1-6 carbon atoms, aralkyl of 7-10 
carbon atoms, fluorenylmethyl, or phenyl which is optionally mono-, di-, or tri- 
substituted with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy 
of 1-6 carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon 
atoms, trifluoromethyl, amino, or a carboxylic acid; 

R 11 and R 12 are each, independently, alkyl of 1-6 carbon atoms, arallcyl of 7-10 carbon 
atoms, or phenyl which is optionally mono-, di-, or tri-subsrituted with a 
substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon 
atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 



X is 



R 13 

C-, O, orS; 



14 



R 13 and R 14 are each, independently, hydrogen or alkyl of 1-6 carbon atoms; 
15 YisCHorN; 

m is 0 - 4; 

n is 0 - 4; 

p is 1 - 2; 

q is 0 - 4; 
20 risO-4; 

t is 0 - 4; 

u is 0 - 4; 

O 

wherein R 5 , R 6 , m, and n are independent in each of the[C(CH 2 ) m CH(CH«) N] 

"I '"l 

R5 R 6 

subunits when p = 2; 

or a pharmaceutically acceptable salt thereof, with the proviso that R 1 , R2. and R 3 are 
25 not all hydrogen, further provided that R 1 , R2, and R 3 are not all 

O 
II 

— [C(CH 2 ) m CH(CH 2 ) n N] p C0 2 R 7 , and still further provided that t and u arc not 

R 5 R 6 
both 0 when X is OorS. 



[M 

w 

m 



m 



m 
m 

II 

Mi 

m. 

if! 

*W 

em 



mm- 
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37. A process for preparing a compound of the formula 

OMe 




10 



15 



20 



wherein R 1 , R 2 . and R 3 are each, independently, hydrogen, or R 4 - 
O 

il o 

R 4 is -[C(CH 2 ) m CH(CH 2 ) n N] pC 0 2 R 7 , -C- (CH^CH^COjR 11 
R 5 R 6 

O 
il 

- c f Y >- co ^ 12 ; 

R 5 is hydrogen, alkyl of 1-6 carbon atoms, aralkyl of 7-10 carbon atoms, 

-(CH 2 ) q C0 2 R8, -(CH 2 )rNR9cO 2 R'0, carbamylalkyl of 2-3 carbon atoms, 
aminoalkyl of 1-4 carbon atoms, hydroxyalkyl of 1-4 carbon atoms, 
guanylalkyl of 2-4 carbon atoms, mercaptoalkyl of 1-4 carbon atoms, 
aikylthioalkyl of 2-6 carbon atoms, indolylmethyl, hydroxyphenylmethyl, 
imidazoylmethyl or phenyl which is optionally mono-, di-, or tri-substituted 
with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy of 1-6 
carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 

R 6 and R9 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, or aralkyl 
of 7-10 carbon atoms; 

R 7 , R 8 , and R10 are each, independently, alkyl of 1-6 carbon atoms, aralkyl of 7-10 
carbon atoms, fluorenylmethyl, or phenyl which is optionally mono-, di-, or tri- 
substituted with a substituent selected from alkyl of 1-6 carbon atoms, alkoxy 
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of.1-6 carbon atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon 
atoms, trifluoromethyl, amino, or a carboxylic acid; 
R 11 and R 12 are each, independently, alkyl of 1-6 carbon atoms, aralkyl of 7-10 carbon 
atoms, or phenyl which is optionally mono-, di-, or tri-substituted with a 
substituent selected from alkyi of 1-6 carbon atoms, alkoxy of 1-6 carbon 
atoms, hydroxy, cyano, halo, nitro, carbalkoxy of 2-7 carbon atoms, 
trifluoromethyl, amino, or a carboxylic acid; 

■ 

Xis -C-, O, orS; 

R 13 and R 14 are each, independently, hydrogen or alkyl of 1-6 carbon atoms; 

YisCHorN; 

m is 0 - 4; 

n is 0 - 4; 

p is 1 - 2; 

q is 0 - 4; 

r is 0-4; 

t is 0 - 4; 

u is 0-4; . 

O 
it 

u * 5 6 

wherein R , R , m, and n are independent in each of the[C(CH 2 ) m CK(CH 2 ) N] 

'l "l 

R5 R 6 

subunits when p = 2; 

or a pharmaceutical^ acceptable salt thereof, with the proviso that R 1 , R2. and R3 are 
not all hydrogen, further provided that R 1 , R2. and R 3 are not all 

O 
il 

- [C(CH 2 ) m CH(CH 2 ) n N] p C0 2 R 7 , and still further provided that t and u are not 

R 5 R6 
both 0 when X is O or S; 

which comprises (a) acylating rapamycin with an acylating agent or (b) sequentially 
acylating rapamycin with one or more acylating agents, said acylating agent(s) being 
selected from acids of formula: 
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Z-[C(CH 2 ) m CH(CH 2 ) n N] p C0 2 R 7 , 
R 5 R6 



O 
!l 



Z-C-(CH 2 ) t X(CH 2 ) u C0 2 R 11 , or 



m. 



o 

II X^s 

z-c4- 4-co 2 r 12 



where Z is OH 

or reactive derivatives thereof, if desired protecting any of 42, 31 and 14 positions or 
rapamycin with an appropriate protecting group and removing said group as required, 
and further if desired isolating the product as a pharmaceutical^ acceptable salt. 
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